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EXPLAINED UPON. 


CHAP. IL 


of Atronny in general. 


0 
"= undoubredly is, the moſt ſublime, the 
molt intereſting, and the moſt uſeful. For, by know- 


ledge derived from this ſcience, not only the bulk 
of Te Earth is diſcovered, the ſituation and extent 
of the countries and kingdoms upon it aſcertained, 
trade and commerce carried on to the remoteſt N 


parts of the world, and the various products of 
ſeveral countries diftributed for the health, comfort, 
and conveniency of it's inhabitants; but our very 


faculties are enlarged with the tandeur of the ideas 


it conveys, our minds exalted above the low con- 


tracted prejudices, of the vulgar, and our under- 
ſtandirigs clearly convinced, and affected with 
the conviction. of, the exiſtence, wiſdom, power, 


goodneſs, immurability, and ſuperintendency of 


the SUPREME BEING! [ 80 that without an * 


9 25 k 
SP undeveut A aki is mad 
2. From this branch of knowledge we 105 learn 
by what means or laws the Almighty carries on, 
and continues the wonderful harmony, order, and 


connexion obſervable throughout the planetary. 


ſyſtem ; and ate led by very powetful arguments to 
form this Et deduction, that minds capable of 


=” Pr. Youne! J Night Thoughts, 
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F all the ſciences cultivated by wänkeige The gene- 
Aſtronomy is acknowledged to be, 400 ral uſe of 


Altronomys 


2 1 * Aſtronomy i in general. - , 
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1 ſuch deep reſearches, not only derive their origin 
from that adorable Being, but are allo incited to 
aſpire after a more perfect knowledge of his nature, 
and a ſtricter conformity to his will. 
bene Earth 3. By Aſtronomy we diſcover that the Earth is 
but a point 
a: ſeen from at ſo great a diſtance from the Sun, that if ſeen from 
| the Sun. thence it would appear no bigger than a point; 
i although it's circumference 1s known to be 2 5,020 
miles. Vet' that diſtance is ſo ſmall, compared 
with the Earth's diſtance from the Fired Stars, 
that if the orbit in which the Earth moves round 
the Sun were ſolid, and ſeen from the neareſt 
0 Star, it would likewiſe appear no bigger than a 
=: Ge bf point, although it is at leaſt 162 millions of miles 
i in diameter. For the Earth in going round the 
== Son is 162 millions of miles nearer to ſomel of the 
A Stars at one time of the year, than at another 
and yet their apparent magnitudes, Gtuations, and 
diſtances from one another {till remain the ſame ; 
and a teleſcope which magnifies above 200 times, 
does not ſenſibly magnify them: which proves 
them to be at leaſt 400 thouſand times farther 
from us than we are from the Sun. 
It is not to be imagined that all the Stars are 
placed in one concave ſurface, ſo as to be equally 
diſtant from us; but that they are placed at im- 
menſe diſtances from one another through unli- 
The Stan mited ſpace. So that there may be as great a diſ- 
are Suns, tance between any two neighbouting Stars, as be- 
tween our Sun and thoſe which are neareſt to him. 
Therefore an Obſerver, who is neareſt any fixed 
Star, will look upon it alone as a real Sun; and 
conſider the reſt as ſo many ſhining points, placed 
at equal diſtances from him in the Firmament. 

* 5. By the help of teleſcopes we diſcover thouſands 
of Stars which are inviſible to the bare eye; and 
the better our glaſſes are, ſtill the more become 

3 viſible: ſo that we can ſet no limits either to their 

merable, number or their diſtances. ,- The celebrated Huy- 

GENS carried. his thoughts ſo far, as to believe it 
„ ow not 


* 
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not impoſſible that there may be Stars at ſuck 
inconceivable diſtances, that their light has not yet 
reached the Earth ſince it's creation; although 
the velocity of light be a million of times greater 
than the velocity of a cannon- bullet, as ſhall Ne 
demonſtrated afterwards, { 197. 216: and, 

Mr. App1soN vefy juſtly obſerves, this ee ' | 
far from being extravagant, when we conſider that 
the Univerſe is the work of infinite power, prompted 
by infinite goodneſs ; having an infinite ſpace to 
exert itſelf in; ſo that our imaginations can ſet no 
| bounds to it. 


6. The gun appears very bright and large. 4 in Why the 


compariſon. of the Fixed Stars, becauſe we keep Sun appra's 
bigger than 


conſtantly near the Sun, in compariſon of our im- the Stars. 


menſe diſtance from the Stars. For, a ſpectator, 
placed as near to any Star as we are to the Sun, 
would ſee that Star a body as large and bright as 
the Sun appears to us: and-a ſpectator, as far 
diſtant from the Sun as we are from the Stars, 
would ſee the Sun as ſmall as we ſee a Star, di- 
veſted of all it's circumvolying planets; and would 
reckon it one of the Stars in numbering them. 


The Stars being at ſuch immenſe diſtances The Star 


from the Sun, cannot poſſibly receive from him ſo 
ſtrong a light as they ſeem to have; nor any bright- 
neſs ſufficient to make them 3 to us. For 
the Sun's rays muſt be ſo ſcattered and diſſipated 
before they reach ſuch remote objects, that they 
can never be tranſmitted back to our eyes, ſo as 
to render theſe objects viſible by reflection. The 
Stars therefore ſhine with their own native and un- 
borrowed luſtre, as the Sun does; and ſince each 
particular Star, as well as the Sun, i is confined to a 
particular portion of ſpace, it is plain that the Stars 
are of the ſame nature with the Sun. 

8. It is no ways probable that the Almigbty, 
who always acts with infinite wiſdom, and does no- 
thing in vain, ſhould create ſo many glorious Suns, 

fit for ſo many important purpoſes, and place them 
B 2 | us 


"EW 


lightened by 


4 Of Aft roomy in general. 
# ſuch diftatices from one another, without pro- 
per objects near enough to be benefited by their 
They are influences. Whoever imagines they were created 
probably only to give a faint glimmering light to the inha- 
by Planets. D1tants of this Globe, mult have a ver y ſuperficial 
knowledge of Aſtronomy, and a mean opinion of 
the Divine Wiſdom: fince, by an infianely leſs 
exertion of creating power, the Deity could have 
given our Earth much more light by one _—_ 
additional Moon. 

Inſtead then of one Sun and one World only 
in the Univerſe, as the unſkilful in Aſtronomy 
imagine, that Science diſcovers to us ſuch an in- 
conceivable number of Suns, Syſtems, and Worlds, 

_ diſperſed through boundleſs Spate; that if 6ur Sun, 
with all the Planets, Moons, and Comets, belong- 
ing to it, were annihilated; they would be no more 

miſled, by an eye that could take in the whole 

Creation, than 4 grain of ſand from the fea-ſhore. 
The ſpare they poſſeſs being comparatively fo 
ſmall, that it would ſcatrce be a ſenſible blank in 
the Univerſe, although Saturn, the outermoſt of 
our planets, revolves about the Sun in an Orbit 

of 4884 millions of miles in eireumferenee, and 
ſome of our Comets make excurfions upwards of 
ten thouſand millions 6f miles beyond Saturn's 
Orbit; and yet, at that amazing diſtance, they aft 
incomparably nearer to the Sun than to any of the 
Stars; as is evident from their Keeping clear of 
the attractive power of all the Stars, and returning 
periodically by virtue of the Sun's attractiorn. 

The fel 10. From what we know of our own Syſtem 
b. habit. may be reaſonably concluded that alt the reſt foe 
able, with equal wiſdot contrived, ſituated, and pro- 
vided with accommodations for rational inhabi- 
rants. Let us therefore take a ſurvey of the 
Syſtem to which we belong; the only one accel- 
ſible to us; and from thence we ſhalt be the better 
enabled to judge of the nature and end of the 
other n of the Univerſe. For although 


there 


F UeTCe rn yr ea rm ro 


IC 


Of Aftronomy in general. 
there is almoſt an infinite variety in the: parts of 
the Creation which we have opportunities of, exa-: 


mining, yet there is a general analogy running 
"© through and connecting all the parts into one 
ſcheme, one deſign, one whole! 


11. And then, to an attentive conſiderer, it will 


appear highly probable, that the Planets of our 
Syſtem, together with their attendants called Satel- 


lites or Moons, are much of the ſame; nature with 25 our Solar 
Planets are. 
our Earth, and deſtined for the like purpoſes. 


For they are ſolid opaque Globes, capable of ſup- 


porting animals and vegetables. Some of them 
are bigger, ſome leſs, and ſome much about the 


ſize of our Earth. They all circulate round the 


Sun, as the Earth does, in a ſhorter or longer 
time, according to their reſpective diſtances from 


him; and have, where it would not be inconve- 


nient, regular returns of ſummer and winter, ſpring. 


and autumn. They have warmer and colder 


climates, as the various productions of our Earth 
require: and, in ſuch as afford a poſſibility of 
diſcovering ir, we obſerve a regular motion round 
their axes like that of our Earth, cauſing an alter- 
nate return of day and night; which 1s .neceſſfary 
for labour, reſt, and vegetation, and that all parts 
of their ſurfaces ay be _—— 8 che rays of the; | 


* 


2. Such af; the Planets as are fartheſt 8 tha; he fartheſt | 
| out and- therefore enjoy leaſt of his light, | have 


rom the 
Sun have 


that deficiency made up by ſeveral Moons, which mot Moons 


conſtantly accompany, and revolve about them, 


as our Moon revolves about the Earth. The 


to enlighten 
their nights, 


remateſt planet has, over and above, a broad ring 
encompaſſing it; which like a lucid Zone in the 
Heavens refſects the Sun's light very copiouſſy on 
that Planet: ſo that if the remoter Planets have 


the Sun's light fainter by day than we, they have 
an addition made to it morning and evening by 


one or more of their Moons, and a greater quan- 
tity of light in the night-time, 


B 3 13. On 
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Our Moon 
mountai- 
nous like 
the Earth. 


Of Aftronomy in general. 

13. On che ſurface of the Moon, becauſe it is 
nearer to us than any other of the celeſtial Bodies 
are, we diſcover a nearer reſemblance of our Earth. 
For, by the aſſiſtance of teleſcopes, we obſerve the 
Moon to be full of high mountains, large valleys, 
and deep cavities. T cheſe ſimilarities leave us no 
room to doubt, but that all the Planets and 
Moons in the Syſtem are deſigned as commodious 
habitations for creatures endowed with capacities 


of knowing and adoring their beneficent Creator. 


14. Since the Fixed Stars are prodigious ſpheres 
of fire, like our Sun, and- at inconceivable. dif- 


tances from one another, as well as from us, it is 


Numberle ls. 


Suns and 


| Worlds, 


reaſonable to conclude they are made for the ſame 
purpoſes that the Sun is; each to beſtow light, 
heat, and vegetation on a certain number of in- 
habited Planets, kept by os within the 
ſphere of it's ere | 5485 


18. What an: auguſt! what an amazing concep- 
tion, if human imagination can conceive it, does 
this give of the: works of the Creator]! Thouſands 
of thouſands of Suns, multiplied without end, and 
ranged all around us, at immenſe diſtances from 
each other, attended by ten thouſand times ten 
thouſand worlds, all in rapid motion, yet calm, 
regular, and harmonious, invariably keeping the 
paths preſcribed them; and theſe worlds peopled 
with myriads of intelligent beings, formed for 
endleſs progreſſion in perfection and felicitj / 
16. If ſo much power, wiſdom, goodneſs, and 


magnificence 1 is diſplayed in the material Creation, 


which is the leaſt conſiderable part of the Univerſe, 


how great, how wiſe, how good muſt HE be, v who 
Mage and e ke the ENROL Lily 2£ 


* 
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ſocus of the Or 

the Sun, Mercury, Venus, and the Earth; and fo of the reſt, 

Vet, the focuſſes of the Orbits of all the Planets except Saturn, 

will not be ſenfibly removed from the center of the Sud; nor 
will the focus of Saturn's Orbit recede ſenhbly from the com- 
mon center of gravity of the Sun and Jupiter, 


Of tbe Solar ns: 
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"If mr Deſeription of the PI SySTEM. 


17 70 | HE Sun, With ine Planta Comets pr Art l. 
' which move round him as their center, con- Fitz: I. 
ſtitute the Solar Syſtem. Thoſe Planets hich are 
near the Sun not 25 finiſh their circuits ſooner, 
but likewiſe move faſter in their reſpective Orbits, The Solar 
than thoſe which are more remote from him. Their em. 
* motions are all performed from welt to eaſt, in 
Orbits nearly circular. Their names, diſtances, 
bulks, and periodical revolutions, are as follow. 


18. Ihe Sun ©, an immenſe globe of fire, i is The Sun. 


placed near the common center, of rather in the 
Jower®. focus, of the Orbits of all the Planets and 
Comets; and turns round his axis in 25 days 


6 hours,” as is evident by the motion of ſpots ſeen © 
on his ſurface. His diameter is computed to be vis 1. 


763,000 miles; and, by the various attractions of 


the circumvolving Planets, he is agitated by a 


If a thread be tied looſely round two pins lack In a table, 


| and moderately ſtretched by the point of a black-lead pencil 
carried round by an even motion and light preſſure of the hand, 
an oval or ellipſis will be deſcribed ; the two points where the 


pins are fixed being called the foci or focuſes thereof, The 
Orbits of all the Planets are elliptical, and the Sun is placed 
in or near to one of the foci of each of them: and that in which 
he is placed, is called the /ower focus. | 

+ Aſtronomers are not far from the troth, When they 
reckon the Sun's center to be in the lower focus of all the Pla- 


netary Orbits. Though ſtrictly ſpeaking, if we conſider the fo- 
cus of Mercury's Orbit to be in the Sun's center, the focus of 
Venus's Orbit will be in the common center of gravity of the 


Sun and Mercury; the focus of the Earth's Orbit in the com- 
mon center of Wr of the Sun, Mercury, and Venus; the 
bit of Mars in the common center of gravity of 
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' PLATE I. ſmall motion round the center of gravity of the 
Syſtem. All the Planets, as ſeen from him, move 
the ſame way, and according to the order of Signs 
in the graduated Circle & 3 1 &c. which re- 
preſents the great Ecliptic in the Heavens: but, as 
ſeen from any one Planet, the reſt appear ſome- 
times to go backward, ſometimes forward, and 
fometimes to ſtand ſtill; not in circles nor ellipſes, 
but* in looped curves which never return into 
themſelves. The Comets come from all parts of 
the Heavens, and move in all forts of directions, 
Ge) 19. Having mentioned the Sun's turning round 
his axis, and as there will be frequent occaſion to 
ſpeak of the like motion of the Earth and other 
Planets, it is proper here to inform the young Tyro 
in Aſtronomy, that neither the Sun nor Planets 
have material axes to turn upon, and ſupport them, 
as in the little imperfect machines contrived to 
he pla. repreſent them. For the axis of a Planet is a line 
nets, what, Conceived to be drawn through it's center, about 
which it revolves as if on a real axis. The extre- 
mities of this line, terminating in oppoſite points 
of the Planet's ſurface, are called it's Poles. That 
which points towards the northern part of the 
Heavens, is called the North Pole; and the other, 
pointing towards the fouthern part, is called the 
South Pole. A bowl whirled from one's hand into 
the open air turns round ſuch a line within itſelf, 
whilſt it moves forward; and ſuch are. the lines 
we mean when we ſpeak of the Axes of the 
„ „% EET ITE 
Their Or- 20. Let us ſuppoſe the Earth's Orbit to be a 
its are not 1 . - 
in the ſame thin, even, ſolid plane; cutting the Sun through 
plane with the center, and extended out as far as the Star 
the Ecliptic, 2 " | * | 
Heavens, where it will mark the great Circle called 
the Ecliptic. This Circle we ſuppoſe to be divided 
into 12 equal parts, called Signs; each Sign into 
30 equal parts, called Degrees; each Degree into 
F5o equal parts, called Minutes; and every Minute 
* As repreſented. in Plate IH. Fig, L and deſcribed 5 138. 
2 | > C2 into 
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uarefiſtiog Space in which, they move; and are 


into 60 equal parts, called Seccnds : ſo that a Second PLATE 1. 


is the Goth part of a Minute; a Minute the Coch 


part of a Degree; and a Degree the 360th part of 


a Circle, or 20th part of a Sign. The 1 85 off 
the Orbits of all the other 2 8 likewiſe cut the 
Sun in halves; but extended to the Heavens, form 
Circles different from one another, and from the 


Ecliptic; one half of each being on the north 


fide, and the other an the ſouth fide of it. Con: Their 


ſequently the Orbit of each Planet croſſes the Eclip- Nodes. 
tic in two oppoſite points, which are called the Pla- 


net's Nedes. Theſe Nodes are all in different parts 
of the Ecliptic; and therefore, if the planetary 
Tracks remained viſible in the Heavens, they would 

in ſome _ meaſure reſemble the different ruts of 
waggon: wheels croſſing one another in different 
parts, but never going far aſunder. That Node, 

or Interſection of the Orbit of any Planet with the 
Earth's Orbit, from which the Planet aſcends north- 
ward above the Ecliptic, is called the Aſcending 


Node af the Planet; and the other, which is di- 
rectly oppoſite thereto, is called it's Deſcending. Node. 


Saturn's Aſcending Node is in 21 deg. 13 win. of where u- 


Cancer S, Jupiter's-1 m 7 deg. 29. min. of the ſamex | 
Sign, Mars's in 17 deg: 17 win. of Taurus g, 
Venus's in 13 deg. 39 min, of Gemini R, and 


Mercury's in 14 deg, 43 min. of Taurus. Her 


we conſider the Earth's Orbit as the ſtandard, an 
the Orbits of all the other Planets ag oblique to it. 


21. When we ſpeak of the Planets Orbits, all The ple 
that is meant 18 their Paths through the open and nets Orbits, 


what, 


kept ip, by the attractive power of the Sun, and 


the | projectile force impie ſſed upon them at firſt: 
between which power and force there is ſo exact 
an adjuſtment, that they continue in the ſame 


tracks without any. ſolid Orbits o conboc them. 


_1 3b) enn che atarift W ; the: Sur, er 
n reund him (as in che circle marked ) 10-89 rig. 1. 


days 


PLATE 1. days 23 bours of our time nearly. which is the 
length of his year. But being ſeldom. ſeen, and 
no ſpots appearing on his ſurface: or dilc, the time 
of his rotation on his axis, or the lepgth of his 
days and nights, is as yet unknown. His diſtance 
from the Sun is computed to be 32 millions of 
miles, and his diameter 2600. In his courſe 
round the Sun, he moves at the rate of 96 thou- 
ſand miles every hour. His light and heat from 

the Sun are almoſt ſeven- times as great as ours; 
and the Sun appears to him almoſt ſeven times as 

May be in- large as to us. The great heat on this Planet is 

| babited. no argument againſt it's being inhabited; ſince 

the Almighty could as eaſily ſuit the bodies and 
conſtitutions of it's inhabitants to the heat of their 
dwelling, as he has done ours to the temperature 
of our Earth. And it is very probable that the 

People there have ſuch an opinion of us, as we 

have of the inhabitants of Jupiter and Saturn; 

namely, that we muſt be intolerably cold, and 
have very little Walen at r n a diſtance from 
the Sun. 


Has like 23. This Planet Pente is us with all has varl- 
phat: vious phaſes of the Moon, when viewed ar different 
times by a good teleſcope :' fave only that he never 
appears quite Full, becauſe his enlightened- ſide is 
never turned directly towards us but when he is 
ſo near the Sun as to be loſt to our fight in it's 
beams. And, as his enlightened ſide is always, to- 
ward the Sun, it is plain that he ſnines not byrany 
light of his awn; for if he did, he would con- 
ſtantly appear round. That he moves about: the 
Sun in an Orbit within the Earth's Orbit, is alſo 
plain (as will be more largely ſhewn' by and by, 
141, & ſeg.) becauſe he is never ſeen oppoſite 
to the Sun, nor above 36 time the! Sun! s breadth 
Fktom his denter. of 1d bilot zus dean 24561 + 
Flis Orbit 24. His Orbit is line ſeven A to the 
Nodes 1 BON that Node, § 20, from which he 
eee northward above the Ecliptic, is in or 


14th 
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14th degree of Taurus; the oppoſite, 1 in the 14thPLATE I, 


degree of Scorpio. The Earth is in theſe points 
on the 6th of November and 4th of May, new ſtyle, 
and when Mercury comes to either of his Nodes 
at his* inferior Conjunction about theſe times, he 
will appear to paſs over the diſc or face of the Sun, 
like a dark round ſpot. But in all other parts of 
his Orbit his Conjunctions are inviſible, becauſe 
he wi goes above or below the Sun. 
Mr. WrisToN has given us an account of When he 
. periods at which Mercury may be ſeen on + ſcen 


as if upon 


the Sun's diſc, vz. In the year 1782, Nov. 12th, the Sun, 


at 3 h. 44 m. in the afternoon: 1786, May 4th, 


at 6 h. 57 m. in the forenoon; 1789, Dec. 6th, at 


3 h. 55 m. in the afternoon; and 1799, May th, | 
at 2 h. 34 m. in the afternoon. There will be 
ſeveral intermediate Tranſits, but none of them | 


vilible at dane 


665 K the next Planet in order, is com- Venus. 
puted to be 99 millions of miles from the Sun; 
and by moving at the rate of 69 thouſand miles . 
every hour in her Orbit (as in the circle marked 9 5 8 
ſhe goes round the Sun in 224 days 17 hours of 
our time nearly; in which, though it be che full 
length of her year, ſhe has only 9+ days, accord- 
ing to 'Biancnini's obſervations ;. ſo that, to her, 
every day and night together is as long as 245 days 
and nights with us. This odd quarter of a day in 
every year makes every fourth year a leap- year to 
Venus; as the like does to our Earth. Her dia- 
meter is 7906 miles; and by her diurnal motion 
the inhabitants about her Equator are carried 43 
miles every hour, beſides the 69,000 above · men- 
tioned. po 01 | 7 5 632g = 

27. Her Orbit ;nclivdes that of Mercury within #er one 


lies between 


it; for at her greateſt Elongation, or apparent diſ- the Earth | 


tance from the Sun, ſhe is 96 times his breadthe Mere | 


When he is between the Earth and the Sun in the nearer 
part of his Orbit, | 4.2 
from 
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from his center; which is almoſt double of Mer- 
cury's. Her Orbit is included by the Earth's; for 
if it were not, ſhe might be ſeen as often in Oppo- 
| ſition to the Sun, as ſhe is in Conjunction with 
him; but ſhe. was never ſeen go degrees, or a 
fourth part of a Circle, from the Sun. 
She is our 28. When Venus appears weſt of the Sun, ſhe 
— riſes before him in the morning, and is called the 
by turns. Morning Star: when ſhe appears eaſt of the Sun, 
ſhe ſhines in the evening after he ſets, and is then 
called the Evening Star: being each in it's turn 
for 290 days. It may perhaps be ſurpriſing at 
firſt, that Venus ſhould keep longer on the eaſt or 
welt of the Sun, than the whole time of her Pe- 
_ riod round him. But the difficulty vaniſhes when 
we conſider that the Earth is all the while going 
round the Sun the fame way, though not ſo quick 
as Venus: and therefore her relative motion to 
the Earth mult in every Period be as much flower 
than her abſolute motion in her Orbit, as the 
Earth during that time advances forward in the 
Ecliptic which is 220 degrees. To us ſhe ap- 
pears through a te leſoope 9 all the various ſhapes 
of the Moon. 
29. The. Axis of Venus is acl 75 1 
to the Axis of her Orbit; which is 51+ degrees 
more than our Earth's Axis is inclined to the Axis 
of the Ecliptic: and therefore her ſeaſons vary 
much more than ours do. The North Pole of her 
Axis inclines toward the 20th degree of Aqua- 
rius, our Earth's to the beginning of Cancer; 
_ conſequently the northern parts of Venus have 
ſummer in the Signs Where choſe of our Earth. 
have winter, and vice usr. 


+ Remarkable 30. The * artificial day at ih Pole of Venus 


eve, as long as 1124 F natural days on dur Earth. 


Her Tropics 31. The Sun's greateſt Dechnation: on each ſide: 
08 pate ol her Equator amounts to 76 degrees; therefore 


ſituated. ® The time between the Sun's fiſing and W 
7 One entire rev olution, or 24 hours, 


& * 


"er 
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her“ Tropics are only 15 degtees from her Poles; 
and her + Polar Circles as far from her Equator. 
Conſequently the Tropies of Venus are between 
her Polar Circles and her Poles; contrary to what 
thoſe of our Earth are, | 12 

32: As her annual Revolution contains only 95 The Sun's 
of her days, the Sun will always appear to go 
through a whole Sign, or twelfth part of her 
Orbit, in little more than three quarters of her 
natural day, or nearly in 1854 of our days and 
nights. FF 

33. Becauſe her day is fo great a part of her aud great 
year, the Sun changes his Declination in one day Peclinatten. 
ſo much, that if he paſſes vertically, or dire&ly 
over head of any given place on the Tropic, the 
next day he will be 26 degrees from it: and what- 
ever place he 99" veftically over whien in the 
Equator, one day's revolution will remove him 
36+ degrees from it. So that the Sun changes 
his Declination every day in Venus about 14 de- 
grees more at a mean rate, than he does in a quarter 
of a year on our Earth. This appears to be pro- 
videntially ordered, for preventing the too great 
effects of the Sun's heat (which is twice As great on 
Venus as on the Earth), ſo that he cannot ſhine 
perpendicularly on the ſame places for two days to- 
gether; and 6h that account, the heated places 

34: If the inhabitants about the North Pole of To teter. 
Venus fix their South, or Meridian Line, through pos ef the 
that part of the Heavens where the Sun comes to Compabs at 
his greateſt Height, or North Declination, and call "* Fele. 


- .* Theſe ure leſſer circles parallel to the Equator, and as 
many degrees from it, toward the Poles, as the Axis of the 
Planet is inclined. to the Axis of it's Orbit. When the Sun is 
advanced fo far north or ſouth of the Equator, as to be directly 
over either Tropic, he goes no farther; but returns towards 
the other, ES . gl 85 
I Thiele are leſſer circles round the Poles, and as far from 
them as the Tropies are from the Equator. The Poles are the 
very north and ſouth points of the Planet. n 

8 5 thoſe 


thoſe the Eaſt and Weſt points of their Horizon, 
Which are 9o degrees on each fide from that point 
where the Horizon is cut by the Meridian Line, 
theſe inhabitants will have the folleming remark- 
able appearances, 
The Sun vill riſe 222 degrees“ north of the 
Eaſt, and going on 112 degrees, as meaſured on 
the plane of the + Horizon, he will croſs the Me- 
ridian at an altitude of 124 degrees; then making 
an entire revolution without ſetting, he will croſs 
it again at an altitude of 48+ degrees; at the 
next revolution. he will croſs the Meridian as he 
comes to his greateſt height and declination, at the 
Surg, Altitude of 75 degrees; being then only 15 degrees 
— from the Zenith, or that point of the Heavens 
at her Poles, Which is directly over head: and thence he will 
deſcend in, the like ſpiral manner; croſſing the 
Meridian firſt at the altitude of 48+ degrees; next 
at the altitude of 125 degrees; and going on thence 
112+ degrees, he will ſet 224 degrees north of the 
Weſt; ſo that, after having been 44 revolutions 
abave the Horizon, he deſcends below it to exhibit 
the like appearances at the South Pole. 

35. At each Pole, the Sun continues half a year 
without ſetting in ſummer, and as long without 
riſing in winter; conſequently the polar inhabi- 
tants of Venus have only one day and one night in 
the year; as it is at the Poles of our Earth. But 
the Jiforence between the heat of ſummer and cold 
of winter, or of mid-day and mid-nigbt, on Ve- 
nus, is much greater than on the Earth: becauſe 
on Venus, as the Sun is for half a year: together 


above the Horizon of each Pole in it's turn, ſo he 


is for a conſiderable part of that time near the Ze- 
nith; and during the other half of the year always 
be low the Horizon, and for a great part of that 
time at leaſt 70 degrees f from it. Whereas, at cb 


4 A Degree 1s 273 6Oth part of any Circle. See 98 21. 1 
The Limit of any inhabitaut's view, where the Sky Gems 
to touch the Planet all round him. 
| © Poles 
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Of the Solar Sytem. 
Poles of our Earth, although the Sun is for half a 


year together above the Horizon; yet he never aſ · 


cends above, nor deſcends below it, more than 233 
degrees. When the Sun is in the Equinoctial, or 
in That Circle which divides the northern half of 


the Heavens from the ſouthern, he is ſeen with 


one half of his Diſc above the Horizon of the 
North Pole, and the other halt above the horizon of 


: the South Pole; ſo that his center is in the Horizon 
of both Poles: and then deſcending below the 


Horizon. of one, he aſcends gradually above that 
of the other. Hence, in a year, each Pole has one 
ſpring, one harvelt, a ſummer as long as them 


boch, and a winter equal in length to the ore, 


three ſeaſons. 


36. At the Polar Circles of Venus, 155 ſeaſons At herge- 
are much the ſame as at the Equator, becauſe 


there are only 15 degrees between them, § 31; 

only, the winters are not quite ſo long, nor the 
ſummers ſo ſhort : but the four ſeaſons come twice 
round every year. 


At Venus's Tropics, the Sun continues FI At her 
about fifteen of our weeks together without ſetting . 


in ſummer; and as long without riſing in winter. 
Whilſt he is more than 15 degrees from the Equa- 
tor, he neither riſes to the inhabitants of the one 


Tropic nor ſets to thoſe of the other: whereas, 


at our terreſtrial Tropics, he riſes and ſets every 
day of the year. 


38. At Venus's Tropics, the e are woch 
the ſame as at her Poles; only the ſummers are a 
little longer, and the winters a little ſnorter. 


15 


ar Circles, 


- 39> At: her Equator, the days and 1 are Ather 
aways, of the ſame length; and yet the diurnal Fvster. 


and nocturnal Arches are very, different, eſpecially 
when the Sun's declination is about the greateſt : 


for then, his meridian altitude may ſometimes be 


twice as great as his midnight depreſſion, and at 
other times the reverſe. When the Sun is at his 
greateſt declination, - either North, or South, his 
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tays ate as oblique at Venus's Equator, as they 
are at London on the ſhorteſt day of winter. 
Therefore, at her Equator there are two winters, 
two ſummers, two ſprings, and two autumns every 
year. But decauſe the Sun ſtays for ſome time 
near the Fropics, and paſſes fo quickly over the 
Equator, every winter there wilt be almoſt twice as | 
tong as ſummer: the four ſeaſons returning' twice 
in that time, which conſiſts only of 94 days. 

4360. Thoſe parts of Venus which lie between the 
Poles and Tropics, and between the Tropics and 
Polar Circles, and alſo between the Polar Circles 
and Equator, partake mote or leſs of the Pheno- 
mena of theſe Circles, as they are more or leſs diſ- 

tant from them. „ DN 
Great diffe- 41. From the quick change of the Sun's decli- 
rence of the nation it happens, that if he riſes due eaſt on any 
plitodest day, he will not ſet due welt on that day, as with 
nog and us; for if the place where he tiſes due eaſt be on 
the Equator, he will ſet on that. day almoſt weſt- 
north-weſt; or about 18+ degrees north of the 
_ welt, But if the place be in 43 degtees north lati- 
tude, then on the day that the Sun riſes due eaſt 
he will ſet north-weft by weſt, or 33 degrees north 
of the weſt. And in 62 degfees north latitude, 
when he riſes in the eaft, he ſets not in that tevo- 
lution, but pu touches the Horizon 16 degrees to 
the weſt of the north point; and aſcends again, 
continuing for 34 revolutions above the Horizon 
without ſetting. Therefore ne place has the fore- 
noon and afternoon of the ſame day Equally long, 
unleſs it be on the Equator, or at the Poles. 
The longi- 42, The Sun's altitude at noon, of any other 


tude of | 


laces eaſy time Of the day, and his amplitude at riſing and 


 foundin ſetting, being very different at places on the ſame 


Venus. parallel of latitude, according to the different len- 
gitudes of thoſe places, the longitude will be almoſt 
as eaſily found on Venus, as the latitude! is found 
on the Earth: which is an advantage we can nevet 

have, becauſe the daily change of the Sun's decli- 

” 1 1 nation 


ide Solar Hen. = t5 


nation is by much too ſmall for that important 

purpoſe. 3 ee eee 
43. On this Planet, where the Sun crofſes the yer Equi- 

Equator in any year, he will have 9 degrees of xe bift « 

declination from that place on the ſame day and diy forward 

hour next year; and will croſs the Equator go de- e years 

grees farther to the weſt; which makes the time 

of the Equitiox a quarter of a day (of about fix of 

out days) later every year. Hence, although the 

ſpiral in which the Sun's motion is performed, be 

of the ſame ſort every year, yet it will not be the 

very ſame, becauſe the Sun will not paſs vertically 

over the fame places till four annual revblutions 

e 
44. We may ſuppoſe. that the inhabitants of Everyfourth 

Venus will be careful to add a day to ſome par- te Ve- 

ticular part of every fourth year; which will keepnus. 


the ſüme ſeaſons to the ſame days. For, as the 

rreat annual change of the Equinoxes and Solſtices 

ſbikts the ſeaſons a quarter of a day every year, 

they would be ſhifted through all the days of the 

year in 36 years. But by means of this inter- 

calary day, every fourth year will be a leap-year; 

which will bring her time to an even reckoning, 

and Keep her Calendar always right tr. 
45. Venus's Orbit is inclined 34 degrees to the when ſhe 

Earth's ; and croſſes it in the 14th degree of Ge- gar 

mini and of Sagittarius; and thefefore, when the 

Earth is about theſe points of the Ecliptic at the 

time that Venus is in her inferior conjunction, ſhe 

will appear like a ſpot on the Sun, and afford a 

more certain method of finding the diſtances of all 

the Planets from the Sun, than any other yet 

known, But theſe appearances happen very ſel- 

dom; and will only be twice viſible at London for 

one hundred and ten years to come. The firſt 

time will be in the year 1761, June the 6th, in 

the morning; and the ſecond, on the 3d of June 

in the evening. Excepting ſuch Tranſits as theſe, 

ſhe ſhews the ſame appearances. to us regularly 
. W „ 
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every eight years; her Conjunctions, Elongations, 
and Times of riſing and ſetting, being very nearly 
| the ſame, on the ſame days, as before. 
She may 46. Venus may have a Satellite or Moon, al- 
Bak 1 though it be undiſcovered by us: which will not 
though we appear very ſurpriſing, if we conſider how incon- 
amor Re. veniently we are placed for ſeeing it. For it's en- 
lightened fide can never be fully turned towards 
us, but when Venus 1s beyond the Sun; and then, 
as Venus appears little bigger than an ordinary 
Star, her Moon may be too ſmall to be perceived 
at ſuch a diſtance, When ſhe is between us and 
the Sun, her full Moon has it's dark fide towards 
us; and then we cannot ſee it any more than we 
can our own- Moon at the time of Change. When 
Venus is at her greateſt Elongation, we have but 
one half of the enlightened ſide of her Full Moon 
towards us; and even then it may be too far diſ- 
tant to be ſeen by us. But if ſhe has a Moon, it 
may certainly be ſeen with her upon the Sun, in 
the year 1761, unleſs its Orbit be conſiderably 
inclined to the Ecliptic: for if it ſhould be in con- 
junction or oppoſition at that time, we can hardly 
imagine that it moves ſo ſlow as to be hid by 
Venus all the ſix hours that ſhe will appear on the 
Sun's Diſc®. 
The Earth,” 47. The EAtHxfR! is the next planet above venus 
in the Syſtem. It is 82 millions of miles from 
Fig. 1. the Sun, and goes round him (as in the circle ) 
in 365 days 5 hours 49 minutes, from any Equi- 
nox or Solſtice to the ſame again: but from any 
fixed Star to the ſame again, as ſeen from the Sun, 
I's e in 365 days 6 hours and 9 minutes; the former 
motion. being the length of the Tropical year, and the 
latter the length of the Sydereal. It travels at 
the rate of 58 thouſand miles every hour; which 
motion, though 120 times ſwifter than that of a 


* The tranſit is over ſince this was wrote, and no Satellie 
Was ſeen with Venus on the dun . Diſc. | | 


* * 


cannone ; 
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cannon- ball, is little more than half as fwift as 
Mercury's motion in his Orbit. The Earth's dia- 
meter is 7970 miles; and by turning round it's 
Axis every 24 hours from Weſt to Eaſt, it cauſes 

an apparent diurnal motion of all the heavenly 
Bodies from Eaſt to Weſt, By this rapid motion 

of the Earth on its Axis, the inhabitants about 

the Equator are carried 1042 miles every hour, 
whilſt thoſe on the parallel of London are carried 
only about ;80, beſides the 58 thouſand miles by 

the annual motion above- mentioned, which 1s com- 
mon to all places whatever, | 

48. The Earth's Axis makes an angle of 2 3+Inclination 

degrees with the Axis of its Orbit; and keepg* i Ait. 
always the ſame oblique direction; inclining to- 
wards the ſame fixed Stars“ throughout its annual 
courſe, which cauſes the returns of ſpring, ſum- 

mer, autumn, and winter; as will be N at 

large 1 in the tenth Chapter. 5 

49. The Earth is round like a globe; as AP-A proof of 
pears, 1. By its ſhadow in Eclipſes of the Moon i being 
which ſhadow is always bounded by a circular line, 
$ 314. 2. By our ſeeing the maſts of a ſhip whilſt 
the hull is hid by the convexity of the water. 

3. By its having been ſailed round by many navi- 
gators. The hills take off no more from the 
roundneſs of the Earth in compariſon, than grains 
of duſt do from the roundneſs of a common 
Globe. 

50. The ſeas and unknown parts of the Earth n. number 
(by a meaſurement of the beſt Maps) contain 160,“ 
willen 522 thouſand and 26 ſquare miles; the 
inhabited parts 38 million 990 thouſand 369: 
Europe 4 million 456 thouſand and 65; * 10 


* "This | is not firiftly true, as will appear when we come to 
treat of the Receſſion of the Equinoctial Points in the Heavens, 
$ 246; which receſſion is equal to the deviation of the Earth's 
Axis from it's paralleliſm : but this is rather too ſmall to be 
ſenſible in an age, in to thoſe who make very nice obſer- 
vations. | 


Eg its. million 
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million 768 thouſand 823; Africa 9 million 654 
thouſabd 807; Amtrice 14 million 110 thouſand 
874. ; In all, 199 million 512 thouſand 5953 
which is the numbet of ſquare miles on the whole 
furface of our Globe. N 
The propor- : 51. Dr. Lord, in the firſt volume of his Aſtro- 
tion of land nomy, p. 168, Mentions an ingenious and eaſy me- 
thod of finding nearly what proportion the land 

| bears to the ſea; which 1s, to take the papers of a 
large terreſtrial globe, and after ſeparating the land 
from the ſea with a pair of ſciffars, to weigh them 
carefully in ſcales. This ſuppoſes the globe to be 
exactly delineated, and the papers all of equal 
thickneſs. The Doctor made the experiment on 
the papers of Mr. Sextx's ſeventeen-inch globe; 
and found that the ſea-papers weighed 349 grains, 
and the land only 124: by which it appears that 
almoſt three- fourth parts of the ſurface of our Earth 
between the Polar Circlès are covered with water, 
and that little more than one fourth is dry land. 
- The Doctor omitted weighing all within the Polar 
Circles; becauſe there is no certain meaſurement 
of the land within them, fo as to know what pro- 
portion it bears to tlie ſea, 8 5 


The Moon. 52. The Moon is not a Planet, but only a Satel- 
lite or Attendant of the Earth; going round the 
Earth from Change to Change in 29 days 12 hours 
and 44 minutes; and round the Sun with it every 
year. The Moon's diameter is 2180 miles; and 
her diſtance from the Earth's center 240 thouſand. 
She goes round her Orbit in 27 days 7 hours 43 
minutes, moving about 2290 miles every hour; 
and turns round her Axis exactly in the time that 
the goes round the Earth, which is the reaſon of 
her keeping always the ſame Hide towards us, and 
that her day and night taken together is as long as 
our lunar mont... wot ik. 
53. The Moon is an opaque Globe like the 
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the Sun : therefore whilſt that half of her which is 

towards the Syn 1s enlightened, the other halt muſt 

be dark and inviſible. Hence, ſhe diſappears when Her phaſes, 

ſhe comes between us and the Sun ; becauſe her 

dark ſide is then towards us. When ſhe is gone 

a little way forward, we fee a little of her enlight- 

ened fide : which ſtill increaſes to our view, as lhe 

advances forward, until ſhe comes to be oppoſite 

to the Sun; and then her whole enlightened fide is 

towards the Earth, and ſhe appears with a round 

illumined Orb, which we call the Full Moon: her 

dark fide being then turned away fram the Earth, 

Fram the Full ſhe ſeems to decreaſe gradually as 

ſhe gqes through the other half of her courſe ; ſhew- 

ing us leſs and leſs of her enlightened ide every 

day, till her next change or conjunction with the 

Sun, and then ſhe diſappears as before. 
54. This cantinual change of the Moon's phaſes A proof chat 

demonſtrates that ſhe ſhines not by any light of 2 

her own: for if ſhe did, being globular, we ſhould own light, 

always ſee her with a round full Orb like the Sun. 

Her Orbit is repreſented in the Scheme by the 

little circle m, upon the Earth s Orbit Þ: but it rig. 1. 

is drawn fifty times too large in proportion to the 

Earth's; and yet is almoſt too ſmall ro be ſeen in 

the Diagram. 

5. The Moon has ſcarce any difference of ſea- One blf of 
ſons; her Axis being almoſt perpendicular to theealighteacd, 
Ecliptic. What is very ſingular, one half of her 
155 no darkneſs at all; J the Earth conſtantly afford- 

it a ſtrong light in the Sun's . while 
1— other half has a fortnight's darkneſs and a fort- 
night's light by turns. 

66. Qur Earth is a Moon to the Moon, waxing © Our Earth is 
2 weaning regularly, but appearing thirteen times 5 
as big, and affording her thirteen times as much 
light, as ſhe does to us. When ſhe changes to os, 
the Earth appears full to her; and when ſhe is in 
her firſt quarter to us the Earth is in its third quar- 

ter to dn and vice verſa, 
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57. But from one half of the Moon, the Earth 
is never ſeen at all: from the middle of the other 
half, it is always ſecn over head; turning round al- 
moſt thirty times as quick as the Moon does. 
From the circle which limits our view of the Moon, 


only one half of the Farth's ſide next her is ſeen; 


4 proof of 


the Moon's. 
| having no 


Atmo- 


ſphere, 


the other half being hid below the Horizon of all 
places on that circle. To her, the Earth ſeems to 


be the biggeſt body in the Univerſe; for it ap- 


1 thirteen times as big as ſhe does to us. 
The Moon has no Atmoſphere of any viſi- 
ble gentle ſurrounding her as we have: for if ſne 
had, we could never ſee her edge ſo well defined 
as it appears ; but there would be a ſort of a miſt 
or hazineſs around her, which would make the 
Stars look fainter, when they are ſeen through it. 
But obſervation proves, that the Stars which diſap- 
pear behind the Moon, retain their full luſtre until 
they ſeem to touch her very edge, and then they 
vaniſh in a moment. This has been often obſerved 
by Aſtronomers, but particularly by Cassini * of 
the Star ꝙ in the breaſt of Virgo, which appears 
ſingle and round to the bare eye; but through a 
retracting Teleſcope of 16 feet appears to be two 
Stars fo near together, that the diſtance between 
them ſeems to be but equal to one of their appa- 
rent diameters. The Moon was obſerved to paſs 
over them on the 21ſt of April, 1720, N. S. and as 
her dark edge drew near to them, it cauſed no 


change in their colour or ſituation, At 25 min. 


14 ſec. paſt 12 at night, the moſt weſterly of theſe: 
Stars was hid by the dark edge of the Moon; and 
in 36 ſeconds afterwards, the moſt eaſterly Star was 
hid: each of them diſappearing behind the Moon 
in an inſtant, without any preceding diminution 
of magnitude or brightneſs; which by no means 
could have been the caſe if there were an Atmo- 
ſphere round the Moon; for then, one of the Stars 
falling obliquely into it before the other, ought by 

* Memoires 4 Acad ann. 1720. 


1 


refraction 


we 


— R — 


to be ſeas, are now found to be only vaſt deep 
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refraction to have ſuffered ſome change in it's co- 


Jour, or in it's diſtance from the other Star which 
was not yet entered into the Atmoſphere. But no 


ſuch alteration could be perceived, though the ob- 


ſervation was performed with the utmoſt attention 


to that particular; and was very proper to have 
made ſuch a diſcovery. The faint light, which has 
been ſeen all round the Moon, in total Eclipſes of 
the Sun, has been obſerved, during the time of 
darkneſs, to have it's center coincident with the 
center of the Syn; and was therefore much more 
likely to ariſe from the Atmoſphere of the Sun, 
than from that of the Moon; for if it had been 
owing to the latter, it's center would have gone 


along with the Moon's. 


£9. If there were ſeas in the Moon, ſhe could Nor Seas, 


have no clouds, rains, nor ſtorms, as we have; 


becauſe ſhe has no ſuch Atmoſphere to ſupport 


the vapours which occaſion them. And every one 
knows, that when the Moon is above our Horizon 


in the night- time, ſhe is viſible, unleſs the clouds 

of our Atmoſphere hide her from our view; and 

all parts of her appear conſtantly with the Rae 
clear, ſerene, and calm aſpect. But thoſe dark He fall 
parts of the Moon, which were formerly .thought kg deep 
cavities, and places which reflect not the Sun's 

light ſo tronaly as Others, having many caverns 

and pits whoſe ſhadows fall within them, and are 
always dark on the ſides next the Sun ; which de- 
monſtrates their being hollow : and moſt of theſe 

pits have little knobs like hillocks ſtanding within 


them, and caſting ſhadows alſo ; which cauſe theſe 
places to appear darker than others which have 


fewer, or leſs remarkable caverns. All theſe ap- 
pearances ſhew that there are no ſeas in the Moon; 


for if there were any, their ſurfaces would appear 


{mooth and even, like thoſe on the Earth. 
60. There being no Atmoſphere about the The tear 


Moon, the heavens in the day-time have the ap- gie to the 
| C4 | pearance Moon. 
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eee of night to a Lunarian who turns his E: 
ack toward the Sun; and when he does, the Stars nu 
| appear as bright to him as they do in the night to an 
us. For, it is entirely owing to our Atmoſphere in 

that the Heavens are bright about us in the Gay. 
61. As the Earth turns round its Axis, the th 
ſeveral continents, ſeas, and iſlands appear to the pl 
Moon's inhabitants like ſo many ſpots of different th 
forms and brightneſs, moving over its ſurface ; 0) 
but much fainter at ſome times than others, as our d 
The Earth clouds cover them or leave them. By theſe ſpots fc 
RR.” the Lunarians can. determine the time of the E 
| Earth's diurnal motion, juſt as we do the motion ” 
of the Sun: and perhaps they meaſure their time 
dy the motion of the Earth's ſpots ; for they can- t 
not haye a truer dial, fi 
62. The Moon's Axis is ſo nearly perpendicular n 
to the Ecliptic, that the Sun never removes ſen- {; 
ſibly from 125 Equator : and the * obliquity of ri 
her Orbit, which is next to nothing as ſeen from v 
the Sun, cannot cauſe the Sun to decline ſenſibly 0 
Hos he from her Equator, Yet her inhabitants are not 4 
ney ed deftitute of means for aſcertaining the length of 4 
 thelength their year, though their method and ours muſt i 
af cheir year, differ. For we can know the length of our 6 
year by the return of our Equinoxes; but the 
Lunarians, having always equal day and night, | 


muſt have recourſe to another method; and we 
may ſuppoſe, they meaſure their year by obſerying 
when either of the Poles of our Earth begins to 
be enlightened, and the other to diſappear, which 
is always at our Equinoxes ; they being conve- 
niently ſituated for obſerving great tracks of land 
about our Earth's Poles, which are entirely un- 
known to us, Hence we may conclude, that the 
year is of the ſame abſolute length both to the 


by The Moon? 's Orbit craſſes 0 Ecliptic in two oppoſite 
Points, called the Moon's Nodes; ſo that one half of her | rbit 
18 above the Ecliptic, and the other halt below 1 The Angle 
of its Qbliguuy is 53 degrees, | 
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Earth and Moon, though very different as to the PLATE I, 


number of days : we having 3655 natural days, 
and the Lunarians only 12 22 every day and e 
in the Moon being as long as 294 on the Earth. 

63. The Moon's inhabitants on the ſide next 
the Earth may as eaſily find the longitude of their 
places as we can find the latitude of ours. For 
the Earth keeping conſtantly, or very nearly ſo, 


and the lon- 


gitudes of 


their places, 


over one Meridian of the Moon, the eaſt or weſt 


diſtances of places from that Meridian are as eaſily 


found, as we can find our diſtance from the 


Equator by the Altitude of our celeſtial Poles. 


64. The Planet Mans is next in order, being 
the Er above the Earth's Orbit. His diſtance 


Mars, 


from the Sun is computed to be 125 millions of 


miles; and by travelling at the rate of 47 thou- 
land miles every hour, as in the circle 6, he goes 
round the Sun in 686 of our days and 23 hours; 
which is the length of his year, and contains 6674 


Fig. 1. 


of his days; every day and night together being 
40 minutes longer than with us. His diameter is 


4444 miles, and by his diurnal rotation the inha- 
bitants about his Equator are carried 556 miles 
every hour. His quantity of light and heat is 
equal but to one half of ours; and the Sun appears 
but half as big to him as to us. 

65. This Planet being but a fifth part ſo big as 
the Farth, if any Moon attends him, ſhe muſt be 


very ſmall, and has not yet been diſcovered by 
our beſt releſcopes. He is of a fiery red colour, 


and by his Appulſes to ſome of the fixed Stars, 


ſeeems to be encompaſſed by a very groſs Atmo- 


iphere. He appears ſometimes gibbous, but never 
horned ; which both ſhews that his Orbit includes 


the Earth's within 1 it, and that he ſhines not by his 
own light. 


66. 7 o Mars, our Earth and Moon appear 
like two Moons, a bigger and a leſs; changing 
places with one another; and appearing ſometimes 

horned, 


His 1 


ſphere 
phaſes. * 


How the 


other Pla- 


neis appear 


to Mars, 
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horned, ſometimes half or three quarters illumi- 
nated, but never full; nor at moſt above one 


quarter of a degree from each other, although 


they are 240 thouſand miles aſunder. 

67, Our Earth appears .almoſt as big to Mars 
as Venus does to us, and at Mars it 1s never ſeen 
above 48 degrees from the Sun; ſometimes it 
appears to pals over the Diſc of the Sun, and ſo 
do Mercury and Venus: But Mercury can never 


be ſeen from Mars by ſuch eyes as ours, unaſſiſted 


by proper inſtruments; and Venus will be as ſel- 


dom ſeen as we ſee Mercury. Jupiter and Saturn 


are as viſible to Mars as to us. His Axis is per- 


Jupiter. 


Fig. I. 


pendicular to the Ecliptic, and his Orbit is two 


degrees inclined to it. 


68. Jorrrxk, the biggeſt of all the Planets, is 


ſtill higher in the Syſtem, being about 426 mil- 
lions of miles from the Sun: and going at the rate 
of 25 thouſand miles every hour in his Orbit, as 


in the circle u, finiſhes his annual period in eleven 
of our years 314 days and 12 hours. He is aboye 
1000 times as big as the Earth, for his diameter 


is $1,000 miles; which is more than ten times the 


The num- | 


ber ot days 
In his year, 


diameter of the Earth. 

69. Jupiter turns round. his Axis in 9 hours 56 
minutes; ſo that his year contains 10 thouſand 
470 days; and the diurnal velocity of his equato- 


real parts is greater than the ſwiftneſs with which 


he moves in his annual Orbit; a ſingular circum- 
ſtance, as far as we know. By this prodigious 
quick Rotation, his equatoreal inhabitants are car- 


Tied 25 thouſand 920 miles every hour (which is 


920 miles an hour more than an inhabitant of our 


Earth's equator moves in twenty-four hours) be- 


His Belts 
and ſpots, 


ſides the 25 thouſand above-mentioned, which is 


common to all parts of his ſurface, by his annual 


motion. 
70. Jupiter is ſurrounded by faint ſubſtances, 
called Belts, in which ſo many changes appear, 


8 | that 
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ſome of them have been firſt interrupted and bro- 
ken, and then have vaniſhed entirely, They have 
ſometimes been obſerved of different breadths, and 
afterwards have all become nearly of the ſame 
breadth. Large ſpots have been ſeen in theſe 
Belts ; and when a Belt vaniſhes, the contiguous 
ſpots diſappear with it. The broken ends of ſome 
Belts have been generally obſerved to revolve in 
the ſame time with the ſpots: only thoſe nearer 


the Equator in ſomewhat leſs time than thoſe near 


the Poles; perhaps on account of the Sun's greater 
heat near the Equator, which is parallel to the 


Belts and courſe of the ſpots. Several large ſpots, 


which appear round at one time, grow oblong by 
degrees, and then divide into two or three round 
ſpotzs The periodical time of the ſpots near the 
Equator is 9 hours 50 minutes, but of thoſe near 


the Poles 9 hours 56 minutes. See Dr. SMITH" I 


Optics, 8 1004, fehl. 
I. The Axis of Jupiter is ſo nearly perpendi- 


of ſeaſons ; which is a great advantage, and wiſely 
ordered by the Author of Nature. For, if the 
Axis of this Planet were inclined any conſiderable 


number of degrees, juſt ſo many degrees round 
each Pole would in their turn be almoſt fix of our 


years together in darkneſs. And, as each degree 


of a great Circle on Jupiter contains 706 of our 


miles at a mean rate, it is eaſy to judge what vaſt 
tracks of land would be rendered uninhabitable by 
any conſiderable inclination of his Axis. 


that they are generally thought to be clouds: for 


27 


He has no 


cular to his Orbit, Kb he has no ſenſible change * 


72. The Sun appears but r part fo big to buy * 


Jupiter as to us; and his light and heat are in the“ 
fame ſmall proportion, but compenſated by the 


quick returns thereof, and by four Moons (ſome 


bigger and ſome leſs than our Earth) wi ich re- 
volve about him : ſo that there is ſcarce any part 
of this huge Planer but what is during the whole 
night enlightened by one or more of thele Moons, 

except 


| Parallax of 
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except his Poles, whence only the fartheſt Moons iſ 


can be ſeen, and where their light is not wanted, 


becauſe the Sun conſtantly circulates in or near the 4 
Horizon, and is very probably kept in view of 
both Poles by the refraction of Jupiter's Atmo- 
ſphere, which, if it be like ours, has certainly re- 


fractive power enough for that purpoſe. 


Their pe- 73. The Orbits of theſe Moons are repreſented : 


riods round 


Jupiter, in the Scheme of ws In Syſtem by four ſmall 


circles marked 1. on Jupiter's Orbit u; 


but they are drawn 15 e too large in propor- 


tion to it. The firſt Moon, or that neareſt to 
Jupiter, goes round him in 1 day 18 hours and 36 
minutes of our time; and is 229 thouſand miles 
diſſtant from his center: The ſecond performs its 
revolution in three days 13 hours and 15 minutes, 
at 364 thouſand miles diſtance: The third in 7 
days three hours and 59 minutes, at the diſtance of 
580 thouſand miles; And the fourth, or outer. 
moſt, in 16 days 18 hours and 30 minutes, at the 
diſtance of one million of miles from his center. 
74. The Angles under which the Orbits of Ju- 


their Orbits, 


and diſtan- piter's Moons are ſeen from the Earth, as its mean 


ces from _ diſtance from Jupiter, are as follow : The firſt, 


. 3.5553 the 0 6 14; the third, 97 587; and 

the fourth, 17 30“. And their diſtances from 

3 Jupiter, mane 155 his ſemidiameters, are thus: 
ow he ap- 


Ae The firſt, 34; the ſecond, 9; the third, 1428 

neareſt and the fourth, inn This Planet, ſeen from 

Moon. its neareſt Moon, appears 1000 times as large as 
our Moon does to us; waxing and waneing in all 
her monthly ſhapes, every 422 hours, 

Twogrand #75, Jupiter's three neareſt Moons fall into his 


gifcoveries 


made by the ſhñadow, and are eclipſed in every Revolution: but 


Eclipſe of the Orbit of the fourth Moon is ſo much inclined, 
Mom, that it paſſeth by its oppoſition to Jupiter, with- 


out falling into his ſhadow, two years in every ſix. 


By theſe Eclipſes, Aſtronomers haye not only diſ- 


9 CAssIVI Elan, 9 Atronni, Liv, i IX, Chap. 3 | 
N covered 
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covered that the Sun's light takes up eight minutes PLATE I. 
of time in coming to us; but they have alſo deter- 
WW mined the longitudes of places on this Earth with 
greater certainty and facility, than by any other 
method yet known; as ſhall be explained in the 
WT cleventh Chapter. _ I WITTE 
W 76. The difference between the Equatoreal and The great 
Polar diametets of Jupiter is 6230 miles; for his . 
equatoreal diameter is to his polar, as 13 to 12. Equatoreal 
than his Equator is. This reſults from his quick Jvpiter. 
motion round his Axis; for the fluids, together 
vith the light particles, which they can carry or 

waſh away with them, recede from the Poles which 
are at reſt, towards the Equator where the motion 
is quickeſt, until there be a ſufficient number ac- 
cumulated to make up the deficiency of gravity 
loſt by the centtifugal force, which always ariſes 
from a quick motion round an axis: and when the 
deficiency of weight or gravity of the particles is 
made up by a ſufficient accumulation, there is an 
equilibrium, and the equatoreal parts riſe no higher. 
Our Earth being but a very ſmall Planet compared The difter- 
to Jupiter, and its motion on its Axis being much in He. 
ſlower, it is leſs flattened of courfe ; for the differ- our Earth. 
| ence between its equatoreal and polar diarneters is 

only as 2 30 to 229, namely, 36 miles. : 
77. Jupiter's Orbit is 1 degree 20 minutes in- Place of his 
clined to the Ecliptic. His North Node is in the * 


According to the French meaſures, a Degree of the Me- 
ridian at the Equator contains 340606.68 French Feet; and 
a Degree of the Meridian in Lapland contains 344627.40: 
ſo that a Degree in Lapland is 4020.72 French Feet (or 
4280.02 Engliſh Feet) longer than a Degree at the Equator. © 
The difference is 108 parts of 'an Engliſh Mile.—Hence, the 
| Earth's Fquatoreal Diameter contains 39386196 French Feet, 
or 41926356 Engliſh ; and the Polar. Diameter. 39202920 
French Feet, or 41731272 Engliſh, So that the 3 
Diameter is 195684. Engliſh Feet, or 36.948 "Engliſh Mites, 
longer that the Axis. 
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o that his Poles are 3115 miles nearer his center diameters of 
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7th degree of Cancer, and his South Node in he 
7th ce of Capricorn. T 


78. Sarunx, the remoteſt of all the Planets, 2 
is about 780 millions of miles from the Sun; and, 
travelling at the rate of 18 thouſand miles every 


hour, as in the circle marked h, performs its an- 
nual circuit in 29 years 167 days and 5 hours of 


our time; which makes only one year to that Pla- 


PLATE I. 
Fig. V. 
His Ring. 


net. Its diameter is 67,000 miles; and therefore 


it is near 600 times as big as the Earth. _ ? 
79. This Planet is ſurrounded by a thin broad 


Ring, as an artificial Globe is by a Horizon. The 
Ring appears double when ſeen through a good 


_ teleſcope, and is repreſented by the figure in ſuch 


an oblique view as it is generally ſeen, It is in- 
clined 30 degrees to the Ecliptic, and is about 21 
thouſand miles in breadth; which is equal to its 


diſtance from Saturn on all Gees There is reaſon 


to believe that the Ring turns round its Axis, be- 
cauſe, when it is almoſt edge-wiſe to us, it appears 


ſomewhat thicker on one fide of the Planet than on 


the other; and the thickeſt edge has been ſeen on 


different ſides at different times. But Saturn hav- 


ing no viſible ſpots on his body, whereby to deter- 


mine the time of his turning round his Axis, the 


length of his days and nights, and the poſition of 


his Axis, are unknown to us. 


89. To Saturn, the Sun appears only Nöth part 


ſo big as to us; and the light and heat he receives 


from the Sun are in the ſame proportion to ours. 


But to compenſate for the ſmall quantity of ſun- 
light, he has five Moons, all going round him on 


the outſide of his Kinks and nearly 'in the ſame 


plane with ir. The firſt, or neareſt Moon to Sa- 


turn, goes round him in 1 day 21 hours 19 mi- 


nutes; and is 140 thouſand miles from his center: 


The ſecond, in 2 days 17 hours 40 minutes; at 


the diſtance of 187 thouſand miles: I he third, in 
TIP 4 days 
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4 days 12 hours 25 minutes; at 26 3 thouſand miles - 
7 iſtance: The fourth, in 15 days 22 hours 41 mi- 
3 Votes, at the diſtance of 600 thouſand miles : And 
che fifth, or outermoſt, at one million 800 thou- 
ad miles from Saturn's center, goes round him i . 
J days 7 hours 48 minutes. T heir Orbits in the Fig. I, 
Pcheme of the Solar Syſtem are repreſented by the. 
| ve ſmall circles, marked 1. 2. 3. 4. f. on Saturn's 
Norbit; but theſe, like the Orbits of the other Sa- 
Wectices are drawn fifty times too large in propor- 
tion to the Orbits of their Primary Planets. 
81. The Sun ſhines almoſt fifteen of our years 
1 together on one ſide of Saturn's Ring without ſet- 
Iting, and as long on the other in its turn. 80 
5 that the Ring is viſible to the inhabitants of that 
Planet for almoſt fifteen of our years, and as long 
Jinviſible by turns, if its Axis has no inclination to 
lits Ring: but if the Axis of the Planet be inclined His axis 
to the Ring, ſuppoſe about 30 degrees, the Ring * 5 
vill appear and diſappear once every natural day to bis Ria 
all the inhabitants within 30 degrees of the Equa- 
tor, on both ſides, frequently eclipſing the Sun in 
a Saturnian day, Moreover, if Saturn' s Axis be 
ſo inclined to his Ring, it is perpendicular to his 
Orbit; and thereby the inconvenience of different | 
ſeaſons to that Planet is avoided. For conſidering 1 
the length of Saturn's year, which is almoſt equal þ 
to thirty of ours, what a dreadful condition muſt Rr 
the inhabitants of his Polar regions be in, if they 1 
be half that time deprived of the light and hear of. 
the Sun? which is not their caſe alone, if the Axis 
of the Planet be perpendicular to the. Ring, for 
then the Ring muſt hide the Sun from vaſt tracks 
of land on each ſide of the Equator for. 13 or 14 
of our years together, on the ſouth ſide and north 
lide by turns, as the Axis inclines to or from, the 
Sun: the reverſe of which inconvenience is another. © © 
good preſumptive proof of the Inclination of 8a · N 
turn's Axis to its Ring, and alſo of his Axis be- 
ing n to his Orbit. . 
82. This 
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. | Howthe 82. This Ring, ſeen from Saturn, appears like 

li pears to Sa- 4 vaſt luminous Arch in the Heavens, as if it did 5 | 
| wrn and © not belong to the Planet. When we ſee the Ring or 
. moſt open, its ſhadow upon the Planet is broadeſt; ¶ th 
0 and from that time the ſhadow grows narrower, as ar 
6 the Ring appears to do to us; until, by Saturn's . B 
'Y annual motion, the Sun comes to the plane of the 15 
| Ring, or even with its edge; which being then ar 
j directed towards us, becomes inviſible on account w 
| of its thinneſs; as ſhall be explained more largely 0 
in the tenth Chapter, and illuſtrated by a figure. t! 
Jo what The Ring diſappears twice in every annual Revo. b 
3 lution of Saturn, namely, when he is in the 19th ſe 
— 4 3 degree both of Piſces and of Virgo. And when al 
in what Saturn is in the middle between thele points, or in e 
— * P- the 19th degree either of Gemini or of Sagittarius, t 
open to ur. his Ring appears moſt open to us; and then its E 
longeſt diameter is to its ſhotteft, as 9 to 4. f 
No Planet 33. To fuch Eyes as ours, unaffiſted by inſtru- I 
ban Saturn” ments, Jupiter is the only Planet that can be ſeen t 


| from Jopi- from Saturn ; and Saturn the only Planet that can | 

bes norany be ſeen from Jupiter. So that the inhabitants of I 

beſides Ju» theſe two Planers muſt either ſee much farther than 8 

piter. we do, or have equally good inſtruments to carry 

their fight to remote objects, if they know that 

there is ſuch à body as our Earth in the Univerſe : 

for the Earth is no bigger ſeen from Jupiter, than 

his Moons are ſten Ford the Earth; and if his 

large body had not firſt attracted our ſight, and 

mpted oor curioſity to view him with a tele- 

ſcope, we ſhould never have Known any thing of his 

Moons; vnlefs by chance we had directed the te- 

leſcope toward that ſmall part of the Heavens where 

they were at the time of obferyation. And the 

M! is true of the Moons of Saturn. 

, Placeof * $4, The Orbit of Saturn is 22 degrees inclined 

j —_ za4""* to the Edliptic, or Orbit of our Earth, and inter- 

l ſedts it in the 21ft degree'of Cancer and of Capri- 

| 1 corn; ſo that Saturn's Nodes are only 14 degrees 
i rom. Jupiter's, $.77 ENTS ws 

FOO 85. The 
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| 85. The quantity of light afforded by the Sun The Sun's 
to Jupiter, being but rth part, and to Saturn — 4 


only {th part, of what we enjoy; may at firſt Jopirer and 
thought induce us to believe that theſe two Planets = 


are entirely unfit for rational beings to dwell upon. believed. 


But, that their light is not ſo weak as we imagine, 
is evident from their brightneſs in the night- time; 
and alſo from this remarkable Phenomenon, that 
when the Sun is ſo much eclipſed to us, as to have 
only the 40th part of his diſc left uncovered by 
the Moon, the decreaſe of light is not very ſenſi- 
ble: and juſt at the end of darkneſs in Total Eclip- 
ſes, when his weſtern limb begins to be viſible, 
and ſeems no bigger than a bit of fine ſilver wire, 
every one is ſurpriſed at the brightneſs Where with 
that ſmall part of him ſhines. The Moon when 
Full affords travellers light enough to keep them 
from miſtaking their way; and yet, according to 
Dr. SmiTa®, it is equal to no more than a 90 
thouſandth part of the light of the Sun: that is, 
the Sun's light is go thouſand times as ſtrong as the 
light of the Moon when Full. Conſequently, the 
Sun gives a thouſand times as much light to Saturn 
as the Full Moon does to us: and above three 


thouſand times as much to Jupiter. So that theſe 


two Planets, even without any Moons, would be 
much more enlightened than we at firſt imagine; 
and by having fo many, they may be very com- 
fortable places of reſidence. Their heat, ſo far as 
it depends on the force of the Sun's rays, is cer- 
tainly much leſs than ours; to which no doubt the 
bodies of their inhabitants are as well adapted as 
ours are to the ſeaſons we enjoy, And if we con- 
ſider, that Jupiter never has any winter, even at 
his Poles ; which probably is allo the caſe with Sa- 
turn, the cold cannot be ſo intenſe on theſe two 
Planets as is generally imagined. Beſides, there 


may be ſomething in the nature of their mould 


warmer than in that of our Earth: and we find that 
* Optics, Art. 95. | 
D all 
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Al ou hen all our heat depends not on the rays of the Sun; 
on the Sun's for if it did, we ſhould always have the 0 
rays. months equally hot or cold at their annual returns. 
But it is far otherwiſe, for February is ſometimes 
warmer than May; which muſt be owing to va- 


pours and exhalations from the Earth. 


86. Every perſon who looks upon, and compares 
the Syſtems of Moons together, which belong to 
Jupiter and Saturn, muſt be amazed at the vaſt 
magnitude of theſe two Planets, and the noble at- 
tendance they have in reſpect of our little Earth: 

and can never bring himſelf to think, that an infi- 
nitely wiſe Creator ſhould diſpoſe of all his animals 

and vegetables here, leaving the other Planets 

1tis highty bare and deſtitute of rational creatures. To ſup- 
probable . pole that he had any view to our benefit, in cre- 
Pl-nets are ating theſe Moons, and giving them their motions 


inhabited. round Jupiter and Saturn; to imagine that he in- 


tended theſe vaſt Bodies for any advantage to us, 


when he well knew that they could never be ſeen 
but by a few Aſtronomers peeping through tele- 


ſcopes; and that he gave tothe Planets regular re- 


turns of days and nights, and different ſeaſons to 
all where they would be convenient; but of no 
manner of ſervice to us; except only what imme- 
diately regards our own Planet the Earth; to ima- 


gine, I ſay, that he did all this on our account, 


would be charging him impiouſly with having done 
much in vain: and as abſurd, as to imagine that 
he has created a little Sun and a Planetary Syſtem 
within the Shell of our Earth, and intended them 
tor our uſe. Theſe e amount to little 


leſs than a politive proof, that all the planets are 
inhabited: for if they are not, why all this care in 


furniſhing them with ſo many Moons, to ſupply 
thoſe with light which are at the greater diſtances 
from the Sun? Do we not. ſee, that the farther a 
Planet is from the Sun, the greater Apparatus it 
has for that purpoſe ? ? ſaye only Mars, which be- 

ing 
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ing but a ſmall Planet, may have Moons too ſmall PLATE I, 
to be ſeen by us. We know that the Earth goes 
round the Sun, and turns round it's own Axis, to 
produce the viciſſitudes of ſummer and winter by 
the former, and of day and night by the latter mo- 
tion, for the benefit of it's inhabitants. May we 
not then fairly conclude, by parity of reaſon, that 
the end and deſign of all the other Planets is the 
ſame ? and is not this agreeable to the beautiful 
harmony which exiſts throughout the Univerſe ? 
Surely it is: and raiſes in us the molt magnificent 
ideas of the SUPREME BEING, who is every 
where, and at all times preſent ; diſplaying his 
power, wiſdom, and goodneſs, among all his crea- 
tures! and diſtributing happineſs to innumerable 
ranks of various my T7 <1 1 


85. In Fig. mp we have 2 view ef the propor- pig. ii. 
tional breadth of the Sun's face or diſc, at den a de | 
from the different Planets. The Sun is repreſerited tothe fer N 
N?-t, as ſeen from Mercury; No 2, as ſeen ent Planets: | 4 
from Venus; No 3; as ſeen from the Earth; b 
Ne 4, as ſeen from Mars; Ne g, as ſeen from Jul | 
piterz and Ne 6, as ſeen from Saturn, | | 

Let the circle B be the Sun as ſeen from any rig. 111; 
Planet; at a given diſtance; to another Planet, at 
double that diſtance, the Sun will appear juſt of 
half that breadth, as A; which contains only one 
fourth part of the area or: furface of B. For, all 
circles, as well as ſquare ſurfaces, are to one ano- 
ther as the ſquares of their diameters. Thus, the 1 
ſquate A is juſt half as broad as the ſquare B; and Fig. Iv. | 
yet it is plain to ſight, that B contains four times 1 rl 


diameters of the above Circles (Fig. II.) together, 
it will be found, that in round numbers, the Sun 
appears 7 times larger to Mercury than to us, go 
times larger to us than to Saturn, and * times 
as large to Mercury as to Saturn. 


223 | | 98. In 
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* 88. In Fig. th, we have a view of the bulks of 
the Planets in proportion to each other, and to a 
ſuppoſed globe of two feet diameter for the Sun. 
Propertion- The Earth is 27 times as big as Mercury, very 
| rod eau little bigger than Venus, 5 times as big as Mars; 
the Planets, but Jupiter is 1049 times as big as the Earth, Sa- 
turn 586 times as big, excluſive of his Ring ; and 
the Sun 1s 877 thouſand 650 times as big as the 
Earth. If the Planets in this Figure were ſet at 
their due diſtances from a Sun of two Feet diame- 
ter, according to their proportional bulks, as in 
our Syſtem, Mercury would be 28 yards from the 
Sun's center; Venus 51 yards x foot; the Earth 
70 yards 2 feet; Mars 107 yards 2 feet; Jupiter 
370 yards 2 feet; and Saturn 760 yards 2 feet. 
The Comet of the year 1680, at its greateſt dif- 
tance, 10 thouſand 760 yards. In this proportion, 
the Moon's diſtance from the center of the Earth 
_ would be only 72 inches. | 
An ideas ef 89. To aſſiſt the imagination in forming an ies 
mcs of the vaſt diſtances of the Sun, Planets, and Stars, 
let us ſuppoſe, that a body projected from the Sun 
ſhould continue to fly with the ſwiftneſs of a can- 
non- ball; i. e. 480 miles every hour; this body 
would reach the Orbit of Mercury, in 7 years 221 
a of Venus, in 14 years 8 days; of the Earth, 
in 19 years 91 days; of Mars, in 29 years 85 days; 
: of Jupiter, in 100 years 280 days; of Saturn, in 
184 years 240 days; to the Comet of 1680, at its 
greateſt diſtance from the Sun, in 2660 years; and 
ro the neareſt fixed Stars 1n We 7 million 600 
. + _ thouſand years. 
 Whythe 90. As the Earth is not in \ the center of the Orbits 
Plane's*P” in Which the Planets move, they come nearer to it 
pear bigger 
and les at and go farther from it, at different times; on 
dn. whichaccount they appear bigger and leſs by turns. 
Hence, the apparent magnitudes of the Planets are 
not always a certain rule to know them by. | 
91. Under Fig. 3, are the names and characters 
of the twelve ſigns of the Zodiac, which the Reader 


3 | ſhould 
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ſhould be perfectly well acquainted with; fo as PLATE I, 
to know the charaQters without ſeeing the names. 
Each Sign contains 30 degrees, as in the Circle Fis. I. 

= bounding the Solar Syſtem; to which the charac- _ 

ters of the ſigns are ſet in their 3 places. 

| % 
92. The Comers are ſolid opaque bodies, with The 

= long tranſparent trains or tails, iſſuing from that Comere, 

= ſide which is turned away from the Sun. They | 

move about the Sun in very eccentric ellipſes; and 
are of a much greater denſity than the Earth; for 
ſome of them are heated in every period to ſuch a 
degree, as would vitrify or diſſipate any ſubſtance 
known to us. Sir Isaac NewrToN computed the 
heat of the Comet which appeared in the year 
1680, when neareſt the Sun, to be 2000 times hot- 
ter than red-hot iron, and that being thus heated, 
it muſt retain its heat until it comes round again, 
although its Period ſhould be more than twenty 
thouſand years; and it is computed to be only 575. 
The method of computing the heat of bodies, 
keeping at any known diſtance from .the Sun, ſo 
far as their heat depends on the force of the Sun's | 
rays, is very eaſy; and ſhall be explained in the 
eighth Chapter. 

. Part of the Paths of three Comets are deli- Fig. 1. 
neated in the Scheme of the Solar Syſtem, and the 
years marked in which they made their appearance. at r Os. 

t is believed, that there are at leaſt 21 Comets be. bs of the | 
longing to our Syſtem, moving 1a all ſorts of direc- r 
tions: and all thoſe which have been obſerved, 

have moved through the ethereal Regions and the 
Orbits of the Planets, without ſuffering the leaft 

ſenſible reſiſtance in their motions; which ally - 
proves that the Planets do not move in ſolid Orbs. 
Of all the Comets, the Periods of the above men- n, bees 
tioned three only are known with any degree of arc known. 
certainty. The firſt of theſe Comets appeared in 
the years 15 31, 1607, and 1682; and is expected 


to appear again in the year 1758, and every 75th 
| " D 3 FR year 
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year afterwards. The ſecond of them appeared in 
1532 and 1661, and may be expected to return in 
1789, and every 129th year afterwards. The 
third, having laſt appeared in 1680, and its Period 
being no leſs than 575 years, cannot return until 
the year 2225. This Comet, at its greateſt diſ- 
tance, | is about 11 thouſand two hundred millions 


of miles from the Sun; and at its leaſt diſtance 


from the Sun's center, which is 49, oco miles, is 


within leſs than a third part of the Sun's ſemidia- 


meter from his ſurface. In that part of its Orbit 
which 1s neareſt the Sun, it flies with the amazing 


ſwiftneſs of 880,000. miles in an hour; and the 
Sun, as ſeen from it, appears an hundred degrees 


in breadth; conſequently, 40 thouſand times as 


They prove Jarge as he appears to us. The aſtoniſhing length 


he 8 
be at im. that this Comet runs out into empty Space, ſug- 


menſe diſ- geſts to our minds an idea of the vaſt diſtance bes 


Pm tween the Sun and the neareſt fixed Stars; of whole 


Attractions all the Comets muſt keep clear, to re- 


turn periodically, and go round the Sun; and it 


ſhews us alſo, that the neareſt Stars, which are pro- 


bably thoſe that ſeem the largeſt, are as big as our 
Sun, and of the ſame nature with him; otherwiſe, 


they could not appear ſo large and bright to us as 


they do at ſuch an immenſe diſtance. 


Io ferenees 94. The extreme heat, the denſe atmoſphere, the | 


drawn from 


he above.” groſs vapours, the chaotic ſtate of the Comets, 
phenomena, ſeem at firſt ſight to indicate them altogether unfit 


for the purpoſes of animal life, and a moſt miſer- 


able habitation for rational beings; and therefore 


*ſome are of opinion that they are fo many hells 
for tormenting the damned with perpetual viciſſi- 
tudes of heat and cold. But when we conſider, on 
the other hand, the infinite power and goodneſs of 


the Deity; the latter inclining, the former enabling 
bim to make creatures ſuited to all ſtates and cir- 
cumſtances; that matter exiſts only for the ſake 


of intelligent beings; and that wherever we find 


2 Mr. WH1iSTOY, i in * Aſt: pnomical Principles of Religion. 
| it, 


e 
N 
1 
2 

Wo >: 


=.” 0 
= Ns 


Of the. Solar Syſtem. 


it, we always find it pregnant with life, or neceſ- 


E ſarily ſubſervient thereto; the numberleſs ſpecies, 


the aſtoniſhing diverſity of animals in earth, air, 


graſs, every tender leaf, every natural fluid, ſwarm- 
ing with life; and every one of theſe enjoying ſuch 
gratifications as the nature and ſtate of each re- 
quires : when we reflect moreover that ſome cen- 
turies ago, till experience undeceived us, a great 
part of the Earth was judged uninhabitable ; the 
Torid Zone by realon of exceſſive heat, and the 


two Frigid Zones becauſe of their intolerable cold; 


it ſeems highly probable, that ſuch numerous and 
large maſles of durable matter as the Comets are, 
however unlike they be to our Earth, are not deſ- 


titute of beings capable of contemplating with won- 
der, and acknowledging with gratitude, the wiſ- 


dom, ſymmetry, and beauty of the Creation ; 
which 1s more plainly to be obſerved in their 
extenſive Tour through the Heavens, than in our 


more confined Circuit. If farther conjecture is per- 


mitted, may we not ſuppoſe them inſtrumental in 


recruiting the expended fuel of the Sun; and ſup- 
plying the exhauſted moiſture of the Planets ? 
However difficult it may be, circumſtanced as we 
are, to find out their particular deſtination, this is 


an undoubted truth, that wherever the Deity ex- 
erts his power, there he alſo manifeſts his wiſdom 
and goodneſs, 2A | | 


is not a late invention; for it was known and 
taught by the wile Samian philolopher PyTaHaco- 


RAS, and others among the Ancients : but in latter 
times was loſt, 'till the 15th century, when it was 


again reſtored by the famous Poliſb philoſopher, 
Nichol Aus Copernicus, who was born at Thorn in 
the year 1473. In this, he was followed by the 
greateſt mathematicians and philoſophers that have 
lince lived; as KEPIIER, Galileo, DEscART Es, 


Dai  __ GaSSENDVS$, 


95. THE SOLAR SYSTEM here deſcribed This Syſtem 


very anci- 
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water, and cven on other animals; every blade of 


ent, and de- 
monſtrable, 


40 . Of the Ptolemean Syſtem. 


GassENDUs, and: Sir Is AAc NRWTON; the laſt of 
whom has eſtabliſhed this Syſtem on ſuch an ever- 
laſting foundation of mathematical and phyſical de- 
monſtration, as can never be ſhaken: and none 
who underſtand him can heſitate about it. 
The Ptole-© 96. In the Ptolemean Syſtem, the Earth was ſup- 
3 poſed to be fixed in the Center of the Univerſe; 
and that the Moon, Mercury, Venus, the Sun, 
Mars, Jupiter, and Saturn, moved round the Earth: 
above the Planets, this Hypotheſis placed the Fir- 
mament of Stars, and then the two Cryſtalline 
Spheres; all which were included in and received 
motion from the Primum Mobile, which conſtantly 
revolved about the Earth in 24 hours from Eaſt to 
Weſt. But as this rude Scheme was found inca- 


pable to. ſtand the teſt, of art and obſervation, it 


was ſoon rejected by all true philoſophers ; not- 


withſtanding the oppoſition and violence of blind 
and zealous bigots. 


TheTycho- . 97, The Tychonic Syſtem ſ ucceeded the Ptolemean, 


nic Syſtem, 


partly true but was never ſo generally received. Ia this the 
and partly Earth was ſuppoſed to ſtand till in the Center of 


9920 the Univerſe or Firmament of Stars, and the Sun 


to revolve about it every 24 hours; the Planets, 


Mercury, Venus, Mars, Jupiter, and Saturn, go- 
ing round the Sun in the times already mentioned. 
But ſome of Tycno's diſciples ſuppoſed the Earth 
to have a diurnal motion round its Axis, and the 
Sun with all the above Planets to go round the 


Earth in a year; the tlanets moving round the 
Sun in the foreſaid times. This hypotheſis, being. - 
partly true and partly falſe, was embraced by few; 


and ſoon gave way to the only true and rational 


Syſtem, reſtored by CoPERNICUS and demonſtrated 
by Sir Isa Ac NewTon, 


"at, To bring the foregaing particylars at once 
in view, with ſeveral others which follow, concern- 
ing the Periods, Diſtances, Bulks, Sc. of the Pla- 
nets, the following Table is inſerted. 


A TABLE 


PP 


=, 


Kc. of the PLANETS, as formerly computed by 


MAGNITUDES, 


bſervations of the 


ac Aetermined from O 
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R EVOLUTIONS, 
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| Of matter 
; and motion. 


Gravity de- 


The Copernican Syſtem demonſtrated to be true; 


OO | : , _ 

CHAP. III. na 

hat 

The COPERNIC AN SYSTEM Jdnentratci] = hc 
| to be true. Far 

| eſil 


99. ATT ER is of itſelf inactive, and indif. Mall 

ferent to motion or reſt. A body at reſt ¶ ou 
can never put itſelf in motion; a body in motion nd 
can never ſtop or move flawer of itſelf. Hence, ect: 
when we ſee a body in motion, we conclude ſome BF 1 


*. 


other ſubſtance muſt have given it that motion; in a 


when we ſee a body fall from motion to reſt, we mut 


conclude ſome other body or cauſe ſtopt it. Wav bi 
100. All motion is naturally rectilineal. A 


"Halt! chro by the hand, or diſcharged from a 5 ur\ 


cannon, would continue to move in the ſame di- 
rection it received at firſt, if no other power di- MMot 
verted its courſe, Therefore, when we ſee a body 


moving in a curve of whatever kind, we conclude Wn c 


it muſt be acted upon by two powers at leaſt: one Neon 


to put it in motion, and another drawing it off Weirci 


from the rectilineal courſe which it would other- 1 
wiſe have continued to move in. | 
101. The power by which bodies fall towards 


- KT he Earth, is called Gravity or Attraction. By this 


power in the Earth it is, that all bodies, on what- 
ever ſide, fall in lines perpendicular to its ſurface. 


On oppoſite parts of the Earth bodies fall in oppo- 


ſite directions, all towards the center, where the 
whole force of gravity is as it were accumulated. 

By this power conſtantly acting on bodies near the 
Earth they are kept from leaving it altogether; 
and thoſe on its ſurface are kept thereto on all 


ſides, fo that they cannot fall from it. Bodies thrown 


with any obliquity are drawn by this power from a. 


ſtraigbt line into a curve, until they fall to the 


ground: the greater the force by which they 
thrown, the greater is the diſtance they are carri ried 
. before they fall. If we Aae a body carried 

ſeveral 
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everal miles above the Earth, and there projected 
In an horizontal direction with ſo great a velocity, 
hat it would move more than a ſemidiameter of 
he Earth, in the time it would take to fall to the 
Farth by gravity; in that caſe, if there were no 
eſiſting medium in the way, the body would not 
all co the Earth at all, but continue to circulate 
ound the Earth, keeping always the ſame path, 
nd returning to the point from whence it was pro- 
ected with the ſame velocity as at firſt. : 
= 102. We find the Moon moves round the Earth ProjeAile 
In an Orbit nearly circular. The Moon therefore — 
: pp uſt be acted on by two powers or forces;* one 
wv hich would cauſe her to move in a right line, 
; W.rother bending her motion from that line into a 
 Weurve. This attractive power muſt be ſeated in 
he Earth, for there is no other body within the 
oon's Orbit to draw her. The attractive power 
f the Earth therefore extends to the Moon; and 
n combination with her projectile force, cauſes her 
o move round the Earth in the ſame manner as the 
irculating body above ſuppoſed. „ 
103. The Moons of Jupiter and Saturn are ob- The Sin | 
ſerved to move round their primary Planets : there- ar. & each 
fore there is an attractive power in theſe Planets. her. 
All the Planets move round the Sun, and reſpect 
t for their center of motion: therefore the Sun 
Inuit be endowed with an attracting power, as well 
as the Earth and Planets. The like may be proved 
pf the Comets. So that all the bodies or matter of 
Je Solar Syſtem are poſſeſſed of this power; and 
perhaps fo is all matter whatſoever. 
104. As the Sun attracts the Planets with their 
Satellites, and the Earth the Moon, fo the Planets 
and Satellites re- attract the Sun, and the Moon the 
Earth: action and re- action being always equal. 
bis is alſo confirmed by obſervation; for the 
Moon raiſes tides in the ocean, the Satellites and 
*lanets diſturb one another” s MOTIONS, 
7 l By 105, Every 


* 
: 


— - — - N 5 —— aj 1 * — - a jog" . _ 
; Py woo ARR I oa ˙ l — Ie ch + er oo ET c — —— — 
— — . 5 * * we 4 2 . * — 5 2 pk L 1 p hare + dre 
CCC gf x . OC en 


boat as heavy as the ſhip, and they will draw one 
another 


| c 
| 44 The Copernican Syſtem demonſtrated to be true. | 
[ 105, Every particle of matter being poſſeſſed of a=” 
| an attracting power, the effect of the whole muſt mid 
be in proportion to the number of attracting parti- ſhip 
cles; that is, to the quantity of matter in the body. thai 
This is demonſtrated from experiments on pendu. or 
lums: for, if they are of equal lengths, whatever ¶ mee 
their weights be, they always vibrate in equal times. ¶ the 
- Now, if one be double the weight of another, the rop 
force of gravity or attraction muſt be double to get 
make it oſcillate with the ſame celerity : if one is WM rov 
thrice the weight or quantity of matter of another, ¶ anc 
it requires thrice the force of gravity to make it BY bo 
move with the fame celerity. Hence it is certain, ket 
that the power of gravity is always proportional to BF lat 
the quantity of matter in bodies, whatever their lin 
| bulks or figures are. | = wa 
106. Gravity alſo, like all other virtues or ema- ll ro 
nations, either drawing or impelling a body to- vl, 
wards a center, decreaſes as the ſquare or the dil- BI re 
tance increaſes : that is, a body at twice the diſ- PI 
: tance attracts another with only a fourth part of v. 
the force; at four times the diſtance, with a ſix- in 
teenth part of the force, This too is confirmed BF pe 
from obſervation, by comparing the diſtance which pl 
the Moon falls in a minute from a right line touch- ar 
ing her Orbit, with the ſpace which bodies near WW w 
the Earth fall in the ſame time: and alſo by com- a 
paring the forces which retain Jupiter's Moons in it 
their Orbits. This will be more. fully explained I; 
in the ſeventh Chapter. _ 9 
Gravitation 107. The mutual attraction of bodies may be 
con projec- exemplified by a boat and a ſhip on the Water, 
plified., tied by a rope. Let a man either in a ſhip or boat 8 
pull the rope (it is the ſame in effect at which end x 
he pulls, for the rope will be equally ſtretched i 
throughout) the ſhip and boat will be drawn to- 1 
wards one another; but with this difference, that 
the boat will move as much faſter than the ſhip, 1 
as the ſhip is heavier than the boat. Suppoſe the 


3 
n e 


0 2 N. 
„ Es en Oats i3f > 
G 2 * N 
e + . 
d e ot) b of ped + 
Kos + 7 . * N N 


The Copernican Syſtem demonſtrated to be true; 


another equally (ſetting aſide the greater reſiſtance. 


Jof the Water on the bigger body) and meet in the 


middle of the firft diſtance between them. If the 
chip is a thoufand or ten thouſand times heavier 
than the boar, the boat will be drawn a thouſand 
or ten thouſand times faſter than the ſhip; and 
meet proportionably nearer the place from which 


the ſhip ſet out. Now, whilſt one man pulls the 


rope, endeavouring to bring the ſhip and boat to- 
gether, let another man, in the boat, endeavour to 
row it off ſidewiſe, or at right Angles to the rope; 
and the former, inſtead of being able to draw the 
boat to the ſhip, will find it enough for him to 


keep the boat from going further off; whilſt the 


latter, endeavouring to row off the boar i in a ſtraight. 


line, will, by means of the other's pulling it to- 


wards the ſhip, row the boat round the ſhip at the 
rope's length from her. Here the power em- 


ployed to draw the ſhip and boat to one another 
repreſents the mutual attraction of the Sun and 
Planets, by which the Planets would fall freely to- 
wards the Sun with a quick motion ; and would alſo 


in falling attract the Sun towards them. And the 
power employed to row off the boat repreſents the 
W projectile force impreſſed on the Planets at right 


angles, or nearly ſo, to the Sun's attraction; by 
which means the Planets move round the Sun, and 
are kept from falling to it. On the other hand, if 


it be attempted to make a heavy ſhip go round a 


light boat, they will meet ſooner than the ſhip can 
get round; or the ſhip will drag the boat after it. 


108. Let the above principles be applied to the 
Sun and Earth; and they will evince, beyond a 


poſſibility of doubt, that the Sun, not the Earth, 


is the center of the Syſtem; and that the Earth 


moves round the Sun as the other Planets do. 
For, if the Sun moves about the Earth, the 


Earth's attractive power muſt draw the Sun towards 


it from the line of projection, ſo as to bend its 
motion 
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The abfur- ing into the Sun. To ſay, that gravitation retains | 


The Coperhican Sein demeitra ted to be true: 


motion into a curve. But the Sun being at eat I 


227 thouſand times. as heavy as the Earth, by be- 


ing ſo much weightier as its quantity of matter is 


greater, it muſt move 227 thouſand times as ſlowly 


toward the Earth, as the Earth does toward the | 
Sun; and conſequently the Earth would fall to 
the Sun in a ſhort time, if it had not a very ſtrong 
projectile motion to carry it off. The Earth there. 


fore, as well as every other Planet in the Syſtem, 
muſt have a rectilineal impulſe, to prevent its fall. 


dity of ſop- all the other Planets in their Orbits without affect- 


poſing the 
Earth at 
re ſt. 


ing the Earth, which is placed between the Orbits 
of Mats and Venus, is as abſurd as to ſuppoſe that 
fix cannon- bullets might be projected upwards 


to different heights in the Air, and that five of 
them ſhould fall down to the ground; but the 
ſixth, which is neither the higheſt nor the loweſt, 
| ſhould remain ſuſpended in the Air without falling 
and the Earth move round about it. 

109. There is no ſuch thing in nature as a heavy 


body moving round a light one as its center of 


motion. A pebble faſtened to a mill ſtone by a 
ſtring, may by an eaſy impulſe be made to circu- 
late round the mill-ſtone : but no impulſe can 
make a mill-ſtone circulate. round a looſe pebble, 
for the mill-ſtone would go off, and carry the 
pebble along with it. 

110. The Sun is ſo immenſely bigger and hea- 
vier than the Earth “, that if he was moved out 
of his place, not only the Earth, but all the other 
Planets, if they were united into one maſs, would 
be carried along with the Sun, as the Pebde would 
be wich the mill- ſtone. 

111. By conſidering the law of gravitation, 
which takes place throughout the Solar Syſtem, in 


another light, it will be evident that the Earth 


moves round the Sun in a year; and not the Sun 


round the Earth. It has been ſhewo ($ 106) that 


As will be demotiſtrated in the Niuth Chapter. 
| the 
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4 be power of gravity decreaſes as the ſquare of the The . 
Hiſtance increaſes; and from this it follows with che celenial 

nathematical certainty, that when two or more motion. 

bodies move round another as their center of mo- 

ion, the ſquares of their periodic times will be to 

ne another in the ſame proportion, as the cubes 

f their diſtances from the central body, This 

olds preciſely with regard to the Planets round 

be Sun, and the Satellites round the Planets; the 
elative diſtances of all which, are well known. 

But, if we ſuppoſe the Sun to move round the 

Earth, and compare its period with the Moon's 

y the above rule, it will be found that the Sun 

Would take no leſs than 173,510 days to move 
pound the Earth, in which caſe our year would be 

475 times as long as it now is. To this we may 

7 nt that the aſpects of increaſe and decreaſe of 
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the Planets, the times of their ſeeming to ſtand | 
4 ill, and to move direct and retrograde, anſwer : 
Preeciſely to the Earth's motion; but not at all to | 
the Sun's, without introducing the moſt abſurd and 4 
monſtrous ſuppoſitions, which would deſtroy all | 
Harmony, order, and ſimplicity in the Syſtem. 1 
Moreover, if the Earth be ſuppoſed to ſtand ſtill, q 
Band the Stars to revolve in free ſpaces about the : 
Earth in 24 hours, it is certain that the forces by i 
which the Stars revolve in-their Orbits are not di- 


Wrected to the Earth, but to the centers of the ſeve- 

ral Orbits; that is, of the ſeveral parallel Circles, . C 
which the Stars on different ſides of the equator dity of lap j 
deſcribe every day: and the like inferences may bels the 
be drawn from the ſuppoſed diurnal motion of the Planets to 
Planets, ſince they are never in the Equinoctial but eee 
twice, in their courſes with regard to the ſtarry 5 
Heavens. But, that forces ſhould be directed to 

no central body, on which they phyſically depend, 

but to innumerable imaginary points in the Axe 

of the Earth produced to the Poles of the Hca- 

wy is an hypotheſis too abſurd to be allowed of 

by any rational creatute. And it is {till more ab- 


ſurd ; 
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e ſcent Pole, the greater muſt be the Orbit which 5 


would require an explication of ſuch a perplexed 


Objections 
avainſ the 
Earth's mo- 
tion an- 
ſwered. 
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ſurd to imagine that theſe forces ſhould increaſe oy 
exactly in proportion to the diſtances from this 
Axe; For this is an indication of an increaſe td in- 
finity ; ; whereas the force of attraction is found to 
decreaſe in receding from the fountain from whence 
it lows, But, the farther any Star is from the qui. 


it deſcribes; and yet it appears to go round in the 
ſame time as the neareſt Star to the Pole does, 
And if we take into conſideration the two-fold mo- 
tion obſerved in the Stars, one diurnal round the 
Axis of the Earth in 24 hours, and the other round 
_ the Axis of the Ecliptic in 25920 years, & 251, it 


compoſition of forces, as could by no means be re- 1 
conciled with wy phyſical Theory, : 


112. T here is but one objection of any gde W (ai 
that can be made againſt the Earth's motion round BY in 


the Sun; which is, that in oppoſite points of the ¶ dc 


Earth's Orbit, its Axis, which always keeps a pa- of 
rallel direction, would point to different fixed Stars; fo 


which is not found to be fact. But this objection m 


is ealily removed, by conſidering the immenſe dis. in 
tance of the Stars in reſpect of the diameter of the 
Earth's Orbit; the latter being no more than 2 
point when compared to the former. If we lay 2M ot 
ruler on the (ide of a table, and along the edge A 
of the ruler view the top of a ſpire at ten miles di-. D 
tance; then lay the ruler on the oppolite ſide of «| 
the table in a parallel ſituation to what it had be- { 
fore, and the ſpire will ſtill, appear along the edge h. 
of the ruler; becauſe our eyes, even when aſſiſted IM ir 
by the beſt inſtruments, are incapable of diſtin - rc 
guiſhing ſo ſmall a change at ſo great a diſtance. 
113. Dr. BRaDLEy, our preſent Aſtronomer 
Royal, has found by a long ſeries of the moſt ac- 
curate obſervations, that there is a ſmall apparent * 
motion of the fixed Stars, occaſioned by the aber 
ration of their light, and ſo exactly anſwering wil to 
Pont an 
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2 place. daily, ſo as to. make a tour round the ſtarry 
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an annual motion of the Earth, as evinces the ſame, 


even to a mathematical. demonſtration. T hoſe 


who are qualified to read the Doctor's modeſt. Ac+ 
loſephical 7 rranſaFions,” Ne 406. Or they may find 


count of this great diſcovery, may conſult the Phi- 


it treated of at large by Drs. SMITH *, Long f. 


DzsAcGuLiers , RuTHERFURTH |, Mr. Maclau- 
RIN, and M. PE La CAILIL **,. 3 


. 
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114. It is true that the Sun eite t to change bis Why the 


Sun appears 
to change 


Heavens in a year, But whether the Sun or Earth bis place. 


moves, this appearance will be the ſame; for, 


W when the Earth is in any part of the Heavens, the 
Son will appear in the oppolite.. And therefore, 
W& this appearance can be no objection againſt the 
motion of the Earth. 


115. It is well known to every. perſon who has 
in a calm, that however faſt. the veſſel goes, he | 
does not feel its progreſſive motion. The motion. 
of the Earth is incomparably more ſmooth and uni- 


form than that of a ſhip, or any machine made and 


moved by human art: and therefore it is not to be 


imagined that we can fecl its motion. 


116. We find that the San: _ thoſe. Planets TheFant's | 


motio 


on which there are viſible ſpots, turn round their its axis 


» 


Axes :. for the. ſpots move regularly over their mondrated. 


Diſks ++. From hence we may, reaſonably con- 
clude that the other Planets, on which we ſee no 
ſpots, and the Earth, which is likewiſe a Planet, 
have ſuch rotations. But being incapable of leav- 


ing the Earth, and viewing it at a diſtance, and its 


rügen being {mooth and uniform, we can neither 


» ao B. | Xt 5 1178. FE 
I Philoſophy, Vol. I. p. 41. 

Newton's Philoſophical Diftaverits, B. Ill, c. 2. 8 3. 
.9* Elements d' Aftronamie, \ 381. 


++. The face of the Sun, Moon, or uy Planer, as it appears | 


to wy Ae is called its Pil 3 By 
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would be at 
the Equator. 


The Copernican Syſtem demonſtrated to be true: 


ſee it move on its Axis as we do the Planets, nor 
feel ourſelves affected by its motion. 


Yet there 


is one effect of ſuch a motion, which will enable us | 


to judge with certainty whether the Earth revolves M 


on its Axis or not. 


ſpheroids 


ter. 


different latitudes. 


them from returning. 
ameter is 36 miles longer than its Axis. 

117. Bodies near the Poles are heavier than thoſe 
towards the Equator, becauſe they are nearer the 
than they Earth's center, where the whole force of the Earth's 
attraction is, accumulated. They 
becauſe their centrifugal force is leſs, on account 
of their diurnal motion being flower.” For both 


that is, their furfaces will be higher, or 
Farther from the center, in the equatoreal than in 5 4 
the polar Regions: for, as the equatoreal parts : 
move quickeſt, they will recede fartheſt from the 
Axis of motion, and enlarge the equatoreal diame- 
That our Earth is really of this figure, is : 
demonſtrable from the unequal vibrations of a 
pendulum, and the unequal lengths of degrees in 
Since then the Earth is higher Ha 
at the Equator than at the Poles, the ſea, which 
naturally runs downward, or towards the places 
Which are neareſt the center, would run towards 
the polar Regions, and leave the equatoreal parts 
dry, if the centrifugal force of theſe parts, by 
which the waters were carried thither, did not keep 
The Earth's equatoreal di- 


All Globes which do not turn 
round their Axes will be perfect ſpheres, on | 
count of the equality of the wei 
their ſurfaces; eſpecially of the fſuid parts. 
all Globes which turn on their Axes will be oblate 


C- 


But 


are alſo heavier, 


theſe reaſons, bodies carried from the Poles toward 
the Equator, gradually loſe of their weight. Expe- 
riments prove that a 
ſeconds near the Poles, vibrates ſlower near the 


Equator, which ſhews that it is. 
attracted there. To make it oſcillate in the ſame 
time, it is found neceflary 
By comparing the different lengths of pendulums 


ſwinging 


3 YT on Than 
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ndulum, which vibrates 


lighter, or leſs 


to diminiſh” its length. 


" 941,146 0064 a ea nn IO 4 


ight of bodies on 


5 if 


'The C. opernican Syſtem demonſirated to be trut. 8 


wioging ſeconds at the Equator and at London, it 
Js found that a pendulum muſt be 22 lines ſhorter 
at the Equator than at the Poles, A line is a 
Itwelfth part of an inch. | . 
118. If the Earth turned round its Abs] in 94 How they 
minutes 43 ſeconds, the centrifugal force would be their 
equal to the power of gravity at the Equator 5 and weight. 
Wall bodies there would entirely loſe their weight. 
lf the Earth revolved Rn _ would alt by 
off, * leave it. 
5 A perſon on the Earth can no more be ſen- The Burt's 5 
4 able of its undiſturbed motion on its Anis :chah ot be felt. 
one in the cabbin of a ſhip on ſmooth water can be 
ſenſible of the ſhip's motion when it turns gently 
and uniformly round. It is therefore no argument 
Hagainſt the Earth's diurnal motion that we do not 
feel it: nor is the apparent revolutions of the celeſ- 
tial bodies every day a proof of the reality of theſe 
motions; for whether we or they revolve, the ap- 
pearance is the very fame. A perſon looking 
through the cabbin-windows of a ſhip as ſtrongly 
E fancies the objects on land to go round when the 
ſhip turns, as if my were aftually i in motion. 


120. If we could wanſtive ourſeives from Planet 

to Planer, we fhould till find that the Stars would 

| appear of the fame magnitudes, and at the ſame 
diſtances from each other, as they do to us here 
becauſe the width of the remoteſt Planet's Orbit 

bears no ſenſible proportion to the diſtance of the 

Stars. But then, the Heavens would ſeem to re- 

volve about very different Axes ; and conſequently, To the dif 
thoſe quieſcent points, which are our Poles in 2: the 
the Heavens, would ſeem to revolve about other a ns 
points, which, though apparently in motion as ſeen round on 
from the Earth, would be at reſt as ſeen from any ae. 
other Platier; . Thus the Axis of Venus, which lies 

almoſt at right Angles to the Axis of the Earth, 

would have its' motionleſs Poles in two oppolite 
points of the Heavens lying almoſt in our EF qui- 


Ka + noctial, 


To Mars and Jupiter the Heavens appear to turn 


on ſuch different Axes, can be real, ſo it is unrea- 
ſonable to fuppoſe the Heavens to revolve about 


Stars, to which 162, coo, ooo of miles, the diameter 


But if we try to frame an idea of the extreme rapi- 
dity with which the Stars muſt move, if they move 


The Copernican Syſtem demonſtrated to be true. 


noctial, where the motion appears quickeſt, becauſe 
it is ſeemingly performed in the greateſt Circle, 
And the very Poles, which are at reſt to us, have 
the quickeſt motion of all as ſeen from Venus = 


round with very different velocities on the ſame 
Axis, whoſe Poles are about 234 degrees from ours. 
Were we on Jupiter, we ſhould be at firſt amazed 
at the rapid motion of the Heavens; the Sun and IM}: 
Stars going round in 9 hours 56 minutes. Could; 
we go from thence to Venus, we ſhould be as much IM... 
ſurpriſed at the ſlowneſs of the heavenly motions; 
the Sun going but once round in 584 hours, and | 


25 f 
the Stars in 540. And could we go from Venus to 5 
the Moon, we ſhould fee the Heavens turn round 40 
with a yet ſlower motion; the Sun in 708 hours, fo 


the Stars in 655. As it is impoſſible theſe vari- 
ous circumvolutions in ſuch different times, and 3 


our Earth more than it does about any other Planet. 
When we reflect on the vaſt diſtance of the fixed 


of the Earth's Orbit, is but a point, we are filled 
with amazement at the immenſity of their diſtance. 


round the Earth in 24 hours, the thought becomes 4 
ſo much too big for our imagination, that we can Wl , 
no more conceive it than we do infinity or eternity. 4 
If the Sun was to go round the Earth in 24 hours, . 
he muſt travel upwards of 300,000 miles in a mi- 8 
nute: but the Stars being at leaſt 400, ooo times as 
far from the Sun, as the Sun is from us, thoſe { 


about the Equator muſt move 400,000 times as 


quick. And all this to ſerve no other purpoſe than 


ed by the Earth's turning round eaſtward, as on 


an ns ne 24 em ee thereby an appa- 


t 

what can be as fully and much more ſimply obtain- 
6 
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e 
e 1 rent diurnal motion of the Sun weſtward, and bring- 


| bing about the alternate returns of day and night, 


le, 


2 
5 
wr 
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Objections anſivcred. 


4 FE arth's motion on its Axis, they are all eaſily e 
1 fwered and ſet aſide. That it may turn without vra- wo- 
tion an- 


being ſeen or felt by us to do ſo, has been already ferss. 


cewn. § 119. But ſome are apt to imagine that 


it the = Bs turns Eaſt ward (as it certainly does if 


it turns at all) a ball fired perpendicularly upward 


in the air muſt fall conſiderably weſtward of the 
place it was projected from. The objection, which 
at firſt ſeems to have ſome weight, will be found. 
to have none at all, when we conſider that the gun 
and ball partake of the Earth's motion; and there- 
fore the ball being carried forward with the air as 


quick as the Earth and air turn, muſt fall down on 
the ſame place. A ſtone let fall from the top of a 
main-maſt, if it meets with no obſtacle, fails on 


the deck as near the foot of the malt when the ſhip 


{ails as when it does not. If an inverted bottle, 
full of liquor, be hung up to the ceiling of the 
cabbin, and a ſmall hole be made in the ork ro 
let the liquor drop through on the floor, the drops 
will fall juſt as far forward on the floor when the. 
ſhip fails as when it is at reſt. And gnats or flies 
can as eaſily dance among one another in a moving 
cabbin as in a fixed chamber. As for thoſe ſcrip- 
ture expreſſions which ſeem to contradict the Earth's 
motion, this general anſwer may be made to them 


all, viz, it is plain from many inſtances that the 
Scriptures were never intended to inſtruct us in 


Philoſophy or Aſtronomy ; and therefore, on thoſe 
ſubjects, expreſſions are not always to be taken in 


the literal ſenſe; but for the moſt part as accom- 


modated to the common apprehenſions of man- 
kind. Men of ſenſe in all ages, when not treating 
of the ſciences purpoſely, have followed this me- 
thod: and it would be in vain to follow any other 
in addreſſing ourſelves to the vulgar, or bulk of 
E 3 any 


12. As to the common objections againſt the ObjeAinns 
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any community. Moſes calls the Moon A GREAT 4 
LUMINARY (as it is in the Hebrew) as well a 
the Sun: but the Moon is known to be an opaque 
body, and the ſmalleſt that Aſtronomers have ob- 
ſerved in the Heavens; and ſhines upon us not by! 
any inherent light of its own, but by refletingſi 
the light of the Sun. If Moſes had bows this, — 5 
told the Hraelites ſo, they would have ſtared at him; 
and conſidered him rather as a madman than as a 
_ perſon commiſſioned by the Almighty to be their 


leader. ho 

* 

Cc H A P. "IV WM wi 

7 be Phenomena of the Heavens as Fee from different 7 be 

peo aris of the E arth. - 8 

we are ker 122. XI E are kept to the Earth's ſurface on 2 
ty nc a all fides by the power of it's central 15 
attraction; which, laying hold of all bodies accord- S 


ing to their denſities or quantities of matter with- 

out regard to their bulks, conſtitutes what we call 

their weight. And having the ſky over our heads, 

go where we will, and our feet towards the center 

of the Earth, we call it 2p over our heads, and 

down under our feet : although the ſame right line 

which is down to us, if continued through and be- 

yond the oppoſite ſide of the Earth, would be up to 

the inhabitants on the oppoſite ſide. For, the inhabi- 

tants u, i, e, m, 5, o, 4, | ſtand with their feet toward 

pl ATE U. the Earth's center C; and have the ſame figure of 
ſky N. I, E, M, S, O, 9, L over their heads. 

is. I. Therefore, the point ò is as directly upward to the 
inhabitant s on the South Pole, as N is to the in- 
habitant # on the North Pole: ſo is E to the inha- 

bitant e, ſuppoſed to be on the north end of Peru; 

and © to the oppoſite inhabitant 4 on the middle 

of the iſland Sumatra. Each of theſe obſervers is 

Antipodes, ſurpriſed that his oppoſite” or Antipode can ſtand 
with his head hanging downwards. But let either 
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go to the other, and he will tell him that he ſtoodPLATE U. 

as upright and firm on the place where he was, as 

he now ſtands where he is. To all theſe obſervers 

b. che Sun, Moon, and Stars ſeem to turn round the . ne 
points NM and 6, as the Poles of the fixed Axis wova, 


81 Ms; becauſe the Earth does really turn round 
di the mathematical line C as round an Axis, of l Pole. 


= which z is the North Pole and s the South Pole. 
The Inbabicant U (Fig. II.) affirms that he is x, u. 
on the uppermoſt ſide of the Earth, and wonders 
how another at L can ſtand on the undermoſt fide 
with his head hanging downwards. But U in the 
mean time forgets that in twelve hours time he 
will be carried half round with the Earth, and then 
be in the very ſituation that L now is, although as 
far from him as before. And yet, when U comes 
there, he will find no difference as to his manner 
of ſtanding ; only he will ſee the oppoſite half of 
the Heavens, and imagine the Heavens to have 


gone half round the Earth. 
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123. When we ſce a Globe hung up in a room, How our 
we cannot help imagining it to have an upper and | 00 rays 
an under fide, and immediately form a like idea per and an 
of the Earth; from whence we conclude, that it is der fie. 
as impoſſible for people to ſtand on the under ſide 
of the Earth, as for pebbles to lie on the under 
fide of a common Globe, which inſtantly fall down 
from it to the ground; and well they may, becauſe 
the attraction of the Earth, being greater than the 
attract ion of the Globe, pulls them away. Juſt ſo 
would be the caſe with our Earth, if it were placed 
near a Globe much bigger than itſelf ſuch as 
Jupiter : for then it would really have an upper 
and an under fide with reſpect to that large Globe; 
which, by its Attraction, would pull away every 

thing from the ſide of the Earth next to it; and 

only thoſe on the top of the oppoſite or upper ſide 

could remain upon it. But there is no larger Globe 
near enough our Earth to overcome its central 

n attraction; 


il 
\# 
o 4 
4 + 
i 
1 
7 
"oh 
14 
|: 
1 
* 
4 1 
i 
; 


56 The Phenomena of the Heavens as ſeen 


its ſurface, even to the Moon, praviec cent 
its center. 

124. Let any man imagine that the Barth and 
every thing but himſelf is taken away, and he left 
alone in the midſt of indefinite Space; he could 


then have no idea of 2 or down; and were his 


pockets full of gold, he might take the pieces one 
by one, and throw them away on all ſides of him, 
without any danger of loſing them; for the attrac- 
tion of his body would bring them all back by the 


ways they went, and he would be down to every | 


one of them, But then, if a Sun or any other large 
body were created, and placed in any part of Space 
ſeveral millions of miles from him, he would be 
attracted towards it, and could not ave himſelf 
from falling down toit. 


Fig. I, 12 25. The Earth's bulk is but a point, as that at 
C, compared/to the Heavens; and therefore every 
inhabitant upon it, let him be where he will, as at 

u, e, m, 5, &c. ſees half of the Heavens. The in- 
habitant 2, on the North Pole of the Earth, con- 

ſtantly fees the Hemiſphere EN; and baving 

the North Pole N of the Heavens juſt over his 

head, his * Horizon coincides with the Celeſtial 
ede Equator EC Therefore all the Stars in the 
fic oan Northern Hemiſphere EN, between the Equa- 
inhabitant tor and North Pole, appear to turn round the line 
oftheEarth, M, moving parallel to the Horizon. The Equa- 
toreal Stars keep in the Horizon, and all thoſe in 

the Southern Hemiſphere EQ are inviſible, The 

like Phenomena are ſeen by the obſerver 5s on the 

South Pole, with reſpect to the Hemiſphere RS; 

and to him the oppoſite Hemiſphere is always 


inviſible. Hence, under either Pole, wal one 
: The atmoſt limit of a perſon's view, where the Sky gem 
to touch the Earth al! around, is called bis Horizon ; ; which 
Hhiſts as the perſon — his yy -_ ; 

half 


3 


PLATE 11. attraction; and therefore it has no ſuch thing as an 
upper and an under fide; for all bodies on or near 


8 


alf of the Heavens is ſeen; for thoſe parts which 
re once viſible never ſer, and thoſe which are once 
Inviſible never riſe. 
orbit which the Sun appears to deſcribe once a- 
Pear by the Earth's annual motion, has the half 20 
Wonſtantly above the Horizon EC of the North 
Pole ns and the other half CA always below eit. 
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half W of the Ecliptic, he neither ſets to the North 
Pole nor riles to the South; and whilſt he deſcribes 


Pole nor riſes to the North. 


from different Parts of the Earth. | 


But the Ecliptic TCA, or 


herefore whilſt the Sun deſcribes the northern? 


he ſouthern half CA, he neither ſets to the South 
The ſame things are 
rue with reſpect ro the Moon; only with this dif- 


Werence, that as the Sun.deſcribes the Ecliptic but 
Wonce a-year, he is for half that time vilible to each 
Pole in its turn, and as long inviſible; but as the 
Moon goes round the Ecliptic in 27 days 8 hours, 
Whe is only viſible for 13 days 16 hours, and as long 
Wnvifble to each Pole by turns All the Planets 
Wikewiſe riſe and ſet to the Poles, becauſe their 


WOrbirs are cut obliquely in halves by the Horizon 


- of the Poles. When the Sun (in his apparent way 


from X) arrives at C, which is on the 20th of 


arch, he is juſt riſing to an obſerver at ꝝ on the 


North Pole, and ſetting to another at s on the South 
Pole. From Che riſes higher and higher in every 
apparent Diurnal revolution, *till he comes to the 
Ihigheſt point of the Ecliptic y, on the 21ſt of June, 
land then he is at his greateſt Altitude, which is 
1237 degrees, or the Arc H, equal to his greateſt 


North declination; and from thence he ſcems to 


deſcend gradually in every apparent Circumvolu— 


tion, 'till he ſets at C on the 23d of September; and 


then he goes to exhibit the like Appearances at the 
South Pole for the other half of the year. Hence 
the Sun's apparent motion round the Earth is not 
in parallel Circles, but in Spirals; ſuch as might 
be repreſented by a thread wound round a Globe 
from Tropic to Tropic; the Spirals being at ſome 
diſtance from one another about the Equator, and 

; gradually 
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PLATE II. 


Phenomena 
at the Equa- 
tors 


Fig. I, 


The Phenomena of the Heavens | as ſeen 


gradually nearer to each other as they approach ol 2 


ward the Tropics. 
126, If the obſerver be any where on the Tel 


reſtrial Equator eCg, as ſuppoſe at e, he is in the 9 
plane of the Celeſtial Equator ; or under the Equi 
noctial EC; and the Axis of the Earth zCs is co 
incident with the Plane of his Horizon, extended 
out to N and &, the North and South Poles of the 
Heavens. As the Earth turns round the line VC 
the whole Heavens MOL! ſeem to turn round the 
ſame line, but the contrary way. It is plain that 
this obſerver has the celeſtial Poles conſtantly in 
his Horizon, and that his Horizon cuts the Dior 
nal paths of all the Celeſtial bodies perpendicularly 
and in halves. Therefore the Sun, Planets and 
Stars, riſe every day, and aſcend perpendicular 
above the Horizon for ſix hours, and paſſing over 
the Meridian, deſcend in the ſame manner for the 
ſix following hours; then ſet in the Horizon, and 
continue twelve hours below it. Conſequently at 
the Equator the days and nights are equally long 
throughout the year. When the obſerver is in the ; 
ſituation e, he ſees the Hemiſphere SEN; bur in 
twelve hours after, he is carried half round the 
Earth's Axis to 3, and then the Hemiſphere S 
becomes viſible to him; and SEN difappears.ſ 
Thus we find, that to an obſerver at either of the 


Poles one halt of the Sky is always viſible, and the 


other half never ſeen; but to an obſerver on the 


Equator the whole Sky i is ſeen every 24 hours. 
The Figure here referred to, repreſents a Celel- 


tial globe of glaſs, having a Terreſtrial Globe within 


it; after the manner of the Glaſs Sphere invented 


by my generous friend Dr. Lox q, Lowndes $ Pro- 
teſlor of Aſtronomy i in Cambridge. * 


Remark. 


127. If a Globe be held fidewiſe to * eye, at 
ſome diſtance, and ſo that neither of its Poles can 
be ſcen, the Equator ECY, and all Circles parallel 
to it, as DL, Dx, ab A, axis &c, * appear to be 

ſtraight 


ER e e 
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ch toil raight lines, as projected in this Figure; which is 
6 requiſite to be mentioned here, becauſe we ſhall 
Ter have occaſion to call them Circles in the following 
in the Articles of this Chapter *. 
Equi 128. Let us now ſuppoſe that the obſerver has Phenomena 
is co gone from the Equator e towards the North Pole », on = 
ended and that he ſtops at i, from which place he then poles. 
f the Cees the Hemiſphere MEINL ; his Horizon MCL 
NCS having ſhifted as many + Degrees from the Celeſtial 
d the poles N and S, as he has travelled from under the 
tha Equinoctial E. And as the Heavens ſeem con- 
tly u gantly to turn round. the line NCS as an Axis, all 
Divr thoſe Stars which are not ſo many degrees from 
ularh the North Pole I as the obſerver is from the Equi- 
and noctial, namely, the Stars north of the dotted pa- 
ularly Hrallel DL, never ſet below the Horizon; and thole - 
; over which are ſouth of the dotted parallel MO never 


r the riſe above it. Hence, the former of theſe two 


„ and parallel Circles is called tbe Circle of perpetual Appa- ee 
tly at rition, and the latter the Circle of perpetual Occul- 4 Sora. 

long tation: but all the Stars between theſe two Circles 1 
in the : 


Wriſe and ſet every day, Let us imagine many 
ut in Circles to be drawn between theſe two, and parallel 
d the to them; thoſe which are on the north ſide of the 
S Equinoctial will be unequally cut by the Horizon 
2ears, NCL, having larger portions above the Horizon 
t the than below it; and the more ſo, as they are nearer 
d the to the Circle of perpetual Apparition ; but the re- 
n the verſe happens to thoſe on the ſouth fide of the 


Equinoctial, whilſt the Equinoctial is divided in 


Celcl- WM two equal parts by the Horizon. Hence, by the 
chin ¶ apparent turning of the Heavens, the northern 
ented WM Stars deſcribe greater Arcs or Portions of Circles 
Pro- Wl above the Horizon than below it; and the greater, 


| as they are farther from the Equinoctial towards 
the Circle of a e Apparition; whulſt the con- 
e, at 

s can 
rallel 
to be 
algit 


* „ The plane of a Circle, or a thin circular Plate, being 
turned edgewiſe to the eye, appears to be a ſtraight line. 
t A Degree is the 360th part of a Circle. 


trary 
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trary happens to all Stars ſouth of the Fquinoctial: 


but thoſe upon it deſcribe equal Arcs both above] 1 ö 
and below the Horizon, and therefore they are juſt | 7 


as long above as below it. 


129. An obſerver on the Equator has no Circle 
of perpetual Apparition or Occultation, becauſe all 
the Stars, together with the Sun and Moon, riſe 
and fet to him every day. But, as a bare view 
of the Figure is ſufficient to ſhew that theſe two 2 
Circles DL and MO are juſt as far from the Poles 
NM and & as the obſerver at i (or one oppoſite to 


him at o) is from the Equator ECQ; it is plain, 
that if an obſerver begins to travel from the Equa- 
tor towards either Pole, his Circle of perperoal 


Apparition riſes from that Pole as from a Point, 


and, his Circle of perpetual Occultation from the 


other. As the obſerver advances toward the nearer 8 


Pole, theſe two Circles enlarge their diameters, and 


come nearer one another, until he comes to the 


Pole; and then they meet and c6incide in the Equi- 
noctial. On different ſides of the Equator, to ob- 
ſervers at equal diſtances from it, the Circle of per. 
= Apparition to one 1s the Circle of eg 
Occultation to the other. 


Why On 190. Bevaofe the Stars never vary their diſtances 
deſcribe the from the Equinoctial, fo as to be ſenſible in an 
{ame paral- age, the lengths of their diurnal and noCturnal 
tion, and Arcs are always the ſame to the ſame places on the 
the Suva Earth. But as the Earth goes round the Sun every 
pyear in the Ecliptic, one half of which is on the 
north fide of the Equinoctial, and the other half on 

its ſouth ſide, the Sun appears to change his place 

every day, fo as to go once round the Circle 7CX 

every year, $ 114. Therefore whilſt the Sun ap- 

| pears to advance northward, from having deſcribed 

the Parallel a&X touching the Ecliptic in X, the 

days continually lengthen and the nights ſhorten, 

until he comes to y and deſeribes the Parallel yx, 

When the days are at the longeſt and the nights at 


- | | the 
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Wand Equinoctial are coincident; and the Su and Obngue, 

Stars ſeem to move parallel to the Horizon: there+ and Right 
fore, ſuch an obſerver is ſaid 
W ſition of the Sphere, 
between either Pole and Equator, the Parallels de- 
ſcribed by the Sun and Stars are cut obliquely by 
the Horizon, and therefore he is ſaid to have an 
Oblique poſition of the Sphere. To an obſerver 


Jcularly, or at Right Angles, by the Horizon; and 
Sphere. 


Foe: the Henry can- be Opaſeeg 10 all |:proplei onthe: 
artn. 
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mne ſhorteſt: for then, as the Sun goes no ks PLATE II. 


dor WT northward, the greateſt portion that 1s poſſible of 
zul the diurnal Arc yz is above the Horizon of the | 
© inhabitant 2; and the ſmalleſt portion zx below it. 


irele 3 As the Sun declines ſouthward from , he deſcribes 
ſe a ſmaller diurnal and greater nocturnal Arcs, or Por- 

ie tions of Circles, every day; which cauſeth the days 

ne to ſhorten and nights to lengthen, until he arrives 
. 2 again at the Parallel A; which having only the 
oles wall 
to BY 2r<at part b X below it, the days are at the ſhorteſt 
and the nights at the longeſt; becaule the Sun re- 


WJ ccdes no farther ſouth, but returns northward as 


before. 
-roal 


the Equinoctial EC 


h E the days and nights are equally long; that is, 12 
ry hours. each. 

an idea of ſome of the Appearances reſulting from 
e. W the motions of the Earth; which will be more par- 
3 ng 5 ticular defcribed 1 in the- nth Chapter. | 


part ab above the Horizon MCL, and the 


It is eaſy to ſee that the Sun mult be in 
2 twice every year, and then 


Theſe hints, ſerve at preſent to give 


131. To. an 1 at eicher pole, the Ren ie... ; 
aralie 


Sphere, 


have a parallel po- yur, 
To an obſerver any where 


any where on the Equator, 5 Parallels of Motion, 
deſcribed by the Sun and Stars, are cut perpendi- 


therefore he is ſaid to have a right polition of. the 
And theſe three are all the different ways 


6 j! _ = 8 4 me * 
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the Solar Syſtem, or even many millions of miles 


places with reſpect to the Stars, and to one ano- 


pear to move quicker, ſometimes ſlower, be as 
often to the weſt as to the eaſt of the Sun; and at 


the Heavens where theſe digreſſions begin and end, 
but in the ſame Planet they would continue inva- 
riably the ſame at all times; like pendulums of 


move quick and go over a ſmall ſpace, the longer 


ſerver is at reſt within the Orbits of we Planets, 


| 7 bigger and leſs by turns, as they approach 
5 
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CHAP. V. 


T he Phenemena of the Heavens as ſeen 5 di Herent 
Parts of the Solar Syſtem. 


132. QO vaſtly g oreat is the diſtance of the ſtarry 
Heavens, that if viewed from any part of 


beyond 1t, the appearance would be the very ſame 
to us. The Sun and Stars would all ſeem to be 
fixed on one concave ſurface, of which the Specta- 
tor's eye would be the center. But the Planets, 
being much nearer than the Stars, their appearances 
will vary conſiderably with the place from which 
they are viewed. | 

133. If the Spectator is is at reſt without thei 
Orbits, the Planets will ſeem to be at the ſame diſ- 
rance as the Stars; but continually changing their 


ther: aſſuming various phaſes of increaſe and des 
creaſe like the Moon, And notwithſtanding their 
regular motions about the Sun, will ſometimes ap- 


their greateſt diſtances ſeem quite ſtationary, The 
duration, extent, and diſtance of thoſe points in 
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would be more or leſs, according to the reſpec- 
tive diſtances of the ſeveral Planets ftom the Sun: 
unequal lengths oſcillating together, the ſhorter 
move flow and go over a large ſpace. If the ob- 
but not near the common center, their apparent 
motions will be irregular, but leſs ſo than in the 


former caſe. Each of the ſeveral Planets will ap- 


nearer 


from different Parts of the Solar Syſtem. 


WT nearer to or recede farther from the obſerver; the 


ut 


neareſt varying moſt in their ſize, They will alſo 


52 move quicker or ſlower with regard to the fixed 
Stars, but will never be retrograde or ſtationary. 


134. If an obſerver in motion views the Hea- 


vens, the ſame apparent irregularities will be ob- 


ſerved, but with ſome variation reſulting from his 
own motion. If he is on a Planet which has a ro- 
tation on it's Axis, not being ſenſible of his own. 
motion, he will imagine the whole Heavens, Sun, 
By Planets, and Stars, to revolve about him in the 
ſame time that his Planet turns round, but the con- 
trary way; and will not be eaſily convinced of the 
deception. If his Planet moves round the Sun, 
che ſame irregularities and aſpects as above- men- 
tioned will appear in the motions of the other Pla- 
W nets; and the Sun will ſeem to move among the 
fired Stars or Signs, directly oppoſite to thofe in 
which his Planet moves, changing it's place every 
day as he does. In a word, whether our obſerver 
be in motion or at reſt, whether within or without 
che Orbits of the Planets, their motions will ſeem 
@ irregular, intricate, and perplexed, unleſs he is in 
N the center of the Syſtem; and from thence, the 
moſt beautiful order and harmony will be ſeen by 
him. 
1 35. Fhe gun being the center of all the Planets The Sun : 
g motions, the only place from which their motions center one! 
could be truly ſeen, is the Sun's center; where the + 
g obſerver being ſuppoſed not to turn round with the: 
Sun (which, in this caſe, we mult imagine to be a places of the 
tranſparent body) would ſee all the Stars at reſt 
and ſeemingly equidiſtant from him. To ſuch an fen. 
obſerver, the Planets would appear to move among 
the fixed Stars, in a imple, regular, and uniform 
manner; only, that as in equal times they deſcribe 
equal Areas, they would deſcribe ſpaces ſomeu hat 


unequal, becauſe they move in elliptic Orbits, F 155. 


Their motions would alſo appear to be what they 
are in . the ſame wey round the Heavens; in 


paths 


from which, 


the true mo- 


? could be 
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paths which croſs at ſmall Angles in different parts 
of the Heavens, and then ſeparate a little from one 
another, A 20. So that, if the Solar Aſtronomer 
ſhould , make the Path or Orbit of any Planet 
a ſtan ard, and conſider it as having no obliquity, 
§ 201, he would Judge the paths of all the reſt to 
be indlined to it; each Planet having one half of 
it's path on one fide, and the other half on the 
oppoſite ſide of the ſtandard Path or Orbit. And 
if he ſhould ever ſee all the Planets ſtart from a 
conjunction with each other“, Mercury would 
move ſo much faſter than Venus, as to overtake her 
again (though not in the ſame point of the Heavens) 
in a quantity of time almoſt equal to 145 of our 
days and nights; or, as we commonly call them, 
Natural Days, which include both the days and 
nights: Venus would move fo much faſter than 
the Earth, as to overtake. it again in 585 natural 
days; the Earth ſo much faſter than Mars, as to 
overtake him. again in 778 ſuch days: Mars fo 
much faſter than Jupiter, as to overtake him again 
in 817 ſuch days: and Jupiter ſo much faſter than 
Saturn, as to overtake him again in 7236 days, al all 
of our time. 


The judge- 136. But as our ſolar Py a could j Wil no 


ment that a jdea of meaſuring the courſes of the Planets by our 
ſolar Aſtro- D 


nomerwould days, he would probably. take the Period of Mer- 


probably cury, Which is the quickeſt moving Planet, for a 


make con- 


cerning the Meaſure to compare the periods of the others by. 


diſtances and 


balk of te AS all the Stars would appear quieſcent to him, he 
Planet. would never think that they had any dependance 


upon the Sun; but would naturally imagine that 
the Planets have, becauſe they move round the 
Sun. And it is by no means improbable, that he 


. Hers we do not mean Bach a covjuotiion, as, chat tbe 
nearer Planet ſhould hide all the reſt from the obſerver's ſight; 
(for that would be impoſlible unleſs the interſections of all their 
Orbits were coincident, which: they are not, Ser $ 21.) but 
hen they were all in a line Kaen the ſtandard Orbit at 
Right er - 5 


y 4.4 x % 
I * 


it © would 


* 
_—_— . ———̃ — 31 —— — 4 - Mon ethnic edu,” ene . 33 


Ma 


* 4 * N . * 1 
<A ALIAS Re OE UNE FE, En Og OE IE 9 3 N 
3 ke es pe na dg ee hy Beg JJ GO EO Ow) 4 FE Choe Fe ES 


a me ou, oe wen end m a IS 8 «- Q% A Gus - ed © wm. hw# owes > A; R Oou- 


33 a__ hs. amb a ®% 


EL. ao tht en S 8 7 — oO ſu 1 


5 1 
r 


. * A "* N . 6 3 r 
c 


8 
n 


cz 
2 


from dliſſereni Paris of the Solar Syſtem. 


would conclude thoſe Planets, whoſe periods are 
quickeſt, to move in Orbits proportionably leis 


than thoſe do which make ſlower circuits. But 
being deſtitute of a method for finding their Paral- 
laxes, or, more properly ſpeaking, as they could have 


no Parallax to him, he could never know any thing 
of their real diſtances or magnitudes. Their rela- 
tive diſtances he might perhaps gueſs at by their 


periods, and from thence infer ſomething of truth 
concerning their relative bulks, by comparing their 
apparent bulks wich one another, For example, 


Jupiter appearing bigger to him than Mars, he 


W would conclude it to be much bigger in fact; be- 


and ſo of the reſt. And- as each Planer would 
appear ſomewhat bigger in one part of it's Orbit 


cauſe it appears lo, and muſt be farther from him, 


on account of it's longer period. Mercury and 
the Earth would ſeem much of the ſame bulk; but 
by comparing it's period with the Earth's, he would 
conclude that the Earth is much farther from him 
than Mercury, and conſequently that it muſt be 


really bigger, though apparently of the ſame bulk; 


than in the oppoſite, and to move quickeſt when it 


ſeems biggeſt, the obſerver would be at no loſs to 
conclude that all the Planets move in Orbits, of 


Rc the Sun is not precuicly in the center. 


1 137. The apparent magnitudes of the Planets 74, kuss 


65 


continually change as ſeen from the Earth, which un motions 


very irregu- 


demonſtrates that they approach nearer to it, GERT he face. 
recede farther from it by turns. From theſe Phe- vom the 


nomena, and their apparent motions among the 


Stars, they ſeem to deſcribe looped curves which 


never return into themſelves, Venus's path ex- 


cepted. And if we were to trace out all their ap- 
parent paths, and put the figures of them together 
in one diagram, they would appear ſo anomalous 
| and confuſed, that no man in bis ſenſes could be- 


lieve them to be repreſentations of their real paths; 
but would immediately conclude, that ſuch appa- 
* . fs rent 


Earth. 


8 The apparent Paths of Mercury and Venus. | 


PLATE 


inn. kent irregularities muſt be owing to ſome Optic 


illuſions. And after a good deal of enquiry, he 
might perhaps be at a loſs to find out the true cauſe 
of thele irregularities; eſpecially if he were one of 
thoſe who would rather, with the greateſt juſtice, 
Charge frail man with ignorance, than the Almighty 
Vith being the author of ſuch confuſion. | 
ade ES Dr. Loo, in his firſt volume of Aſtronomy 
and Venus as given us figures of the apparent paths of all the 
repreſented. Planets, ſeparately from Cassini; and on ſeeing 
them II firſt thought of attempting to trace ſome of 
them by a machine* that ſhews the motions of 
the Sun, Mercury, Venus, the Earth and Moon, 
according to the Copernican Syſtem. Having taken 
off the Sun, Mercury, and Venus, I put black-lead 
pencils in their places, with the points turned up- 
ward; and fixed a circular ſheet of paſte-board ſo, 
that the Earth kept conſtantly under it's center in 
going round the Sun; and the paſte-board kept it's 
paralleliſm. Then, preſſing gently with one hand 
Upon the paſte-board to make it touch the three 
_ pencils, with the other hand I turned the winch 
that moves the whole machinery: and as the Earth, 
together with the pencils in the places of Mercury 
Fir. 1. and Venus, had their proper motions round the 
Sun's pencil, which kept at reſt in the center of 
the machine, all the three pencils deſcribed a dia- 
gram, from which the firſt Figure of the third Plate 
is truly copied in a ſmaller ſize. As the Earth 
moved round the Sun, the Sun's pencil deſcribed 
the dotted Circle of Months, whilſt Mercury's pen- 
cil drew the curve with the greateſt number of 


inferior conjunctions they come as much nearer 
the Earth, or within the Circle of the Sun's appa- 
rent motion round the Heavens, as they go beyond 
it in their ſuperior conjunctions. On each ſide of 
the loops they appear ſtationary : in that part of 


The Oaks fronting the Title- page, 


each 


loops, and Venus's that with the feweſt. In their 
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The apparent Paths of Mercury and Venus. 


the reſt of their paths direct. 
If Caſſini's Figures of the paths of che Sun, 
Mercury, and Venus, were put together, the Figure 
as above traced out, would be exactly like them. 


= years Venus falls ſo nearly into the ſame apparent path 
again, as to deviate very little from it in ſome ages; 
but in what number of years Mercury and the reſt 
of the Planets would deſcribe the ſame viſible paths 
over again, I cannot at preſent determine. Having 


and Venus, I put the Ecliptic round them as in the 
Doctor's Book; and added the dotted lines from 


apparent or geocentric motion therein for one year; 
in which time his path makes three loops, and 
goes on a little farther; which ſhews that he has 
three inferior, and as many ſuperior conjunctions 
with the Sun in that time; and. alſo that he is 
ſix times ſtationary, and thrice retrograde. Let us 
no trace his motion for one year in the Figure. 

& Suppoſe Mercury to be ſetting out from A to- 
wards B (between the Earth and left-hand corner 


will then be direct, or according to the order of 
the Signs. But when he comes to B, he appears 
to ſtand fill in the 22d degree of m at . as ſnewn 
by the line BF. Whilſt he goes from B to C, the 
line BF, ſuppoſed to move with him, goes back- 
| ward from # to E, or contrary to the order of 


at E; having gone back 115 degrees. Now, ſup- 
pole him ſtationary on the firſt of January at C, on 


as at 20, near F; on the 20th he will be ſeen as 
T4 --u 


It repreſents the Sun's apparent motion round the 
Ecliptic, which is the ſame every year; Mercury's 
motion for ſeven years; and Venus's for eight; in 
which time Mercury's path makes 23 loops, croſſing 
itſelf ſo many times, and Venus's only five. In eight 


finiſhed the above Figure ol the paths of Mercury 


the Earth to the Ecliptic for ſhewing Mercury's 


Signs; and when he | is at C, he appears ſtationary 


the 10th thereof he will appear in the Heavens 


III. 


of the Plate) and as ſeen from the Earth, his motion Fig. 1 


67 


each loop next the Earth retrograde; and in all PLATE 
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every tenth day's motion in his looped path, and 
he appears at M; on the 20th at N; and on the 
tionary at P; on the 20th he ſeems to have gone 


back again to O; and on the 3oth he appears ſta- 


Degrees, or 131 Degrees; and to go back only 11 
or 12 Degrees, at a mean rate. From the goth of 
April to the 10th of May, he ſeems to move from 


the order of letters; and backward when they go 


in Venus's motion; but as ſhe moves ſlower than 


tween them. 


the Earth to be at reit in the Fee of the Uni- 


to move round it, is cem falſe and abſurd. 


The apparent Paths of Mercury and Venus. 


at G; on the 21iſtat H; on the 1oth of February 
at J; on the 2oth at K; and on the 28th at I.; as 
the dotted lines ſhew, which are drawn through 


continued to the Ecliptic. On the 1oth of March 
3iſt at O. On the 1oth of April he appears ſta- 


tionary at Q, having gone back 114 degrees, 
Thus Mercury ſeems to go forward 4 Signs 11 


© to KR; and on the 20th he is ſeen at &, going 
forward in the ſame manner again, according to 


back; which it is needleſs to explain any farther, 
as the reader can trace him out fo eaſily, thiough 
the reſt of the year. The ſame appearances happen 


Mercury, there are longer meervals of time be- 


Having already, $. 120, given ſome account of 
the apparent diurnal motions of the Heavens as 
ſeen from the different Planets, we ſhall not trouble 
the reader any more with that ſubject. 


c HA P. VI. 


The Ptolemean Syſtem refuted, The Mations and 
1 of Mercury and Venus explained. 


139. HE T ychonic Syſtem, $ 97, being ſuſi- 
ciently refuted by the 109th Article, 
we ſhall lay nothing more about it. 


140. The Plolemean Syſtem, § 96, which aſſerts 


verſe, and all the Planets with the Sun and Stars 
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The Phenomena of the inferior Planets. 


For if this hypotheſis were true, Mercury and 


Venus could never be hid behind the Sun, as their 
Orbits are included within the Sun's : and again, 


theſe two Planets would always move direct, and 
be as often in Oppoſition to the Sun as in Conjunc- 
tion with him. Bur the contrary cf all this is true: 


for they are juſt as often behind the Sun as before 


him, appear as often to move backwards as for- 


wards, and are ſo far from being ſeen at any time 


in the {ide of the Heavens oppoſite to the Sun, that 


they were never ſeen a quarter of a circle in the 
Heavens diſtant from him. 


141. 1 heſe two Planets, when viewed at diffe- Appesran- 


rent times with a good teleſcope, appear in all the © * 


cury and 


various ſhapes of the Moon; which is a plain proof Venus. 


that they are enlightened by the Sun, and ſhine 


not by any light of their own: for if they did, they 
would conſtantly appear round as the Sun does; 
and could never be ſeen like dark ſpots upon the 


Sun when they paſs directly between him and us. 


Their regular Phaſes demonſtrate them to be ſphe- 
rical bodies; as may be ſhewn by the folowng 
experiment: 


Hang an ivory ball by a thread, and let any Per- Bapcriment 


ſon move it round the flame of a candle: at two or t . 
three yards diſtance from your eye; when the ball round. 
8 beyond the candle, ſo as to be almoſt hid by the 


flame, it's enlightened ſide will be towards you, and 


appear round like the Full Moon: When the ball 


is between you and the candle, it's enlightened ſide 


will diſappear, as the Moon does at the Change: 
When it 1s. half-way between theſe two poſitions, 


it will appear half illuminated, like the Moon in 


her Quarters: But in every other place between 
theſe poſitions, it will appear more or leſs horned 
or gibbous. If this experiment be made with a 
flat circular plate, you may make it appear fully 
_ enlightened, or not enlightened at all; but can 


never make it ſeem either horned or gibbous. 
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PLATEIT. 142. If you remove about ſix or ſeven yards 
Experiment from the candle, and place yourſelf ſo that it's 
to repreent flame may be juſt about the height of your eye, 
of Mercury and then deſire the other perſon to move the ball 
and Venus. fowly round the candle as before, keeping it as 
near of an equal height with the flame as he poſſi- 
| bly can, the ball will appear to you not to move 
in a circle, but to vibrate backward and forward 
like a pendulum, moving quickeſt when it is di- 
rectly between you and the candle, and when di- 
rectly beyond it; and gradually ſlower as it goes 
farther to the right or left ſide of the flame, until 

it appears at the greateſt diſtance from the flame; 
and then, though it continues to move with the 
ſame velocity, it will ſeem to ſtand ſtill for a mo- 
ment. In every Revolution it will ſhew all the 
above Phaſes, § 141; and if two balls, a ſmaller 
and a greater, be moved in this manner round the 
candle, the imaller ball being kept neareſt the 
flame, and carried round almoſt three times as of- 
ten as the greater, you will have a tolerable good 
repreſentation of the apparent Motions of Mercury 

and Venus; eſpecially, it the bigger ball deſcribes 

a circle almoſt twice as large in diameter as the 

| coats deſcribed by the lefler. 

Vis. HII. 143. Let AZBCDE be a part or ſegment as the 
viſible Heavens, in which the Sun, Moon, Planets 
and Stars, appear to move at the ſame diſtance from 
the Earth E. For there are certain limits, beyond 

which the eye cannot judge of different diſtances; 
as is plain from the Moon's appearing to be as 
far from us as the Sun and Stars are, Let the 
circle ſgbitluno be the Orbit in which Mercury mz 


- moves round the Sun S, according to the order 


of the letters. When Mercury is at f, he diſap 
pears to the Earth at E, becauſe his enlightened 


| fide is turned from it; ; unleſs he be then in one of 


The El-n- his Nodes, § 20. 253 in which caſe he will appear 
Pierefions like a dark ſpot upon the Sun. When he is at g 


of Mercury in his Orbit, he f appeara at B in the Heavens, weſt- 
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ward of the Sun 5, which is ſeen at C: when at h, PLATE 11, 
he appears at 4, at his greateſt weſtern elongation 
or diſtance from the Sun;. and then ſeems to ſtand 


ſtill, But, as he moves from þ to i, he appears to 
go from A to B; and ſeems to be in the ſame place 
when at i, as when he was at g, but not near fo 
big: at & he is hid from the Earth Z by the Sun 
Ty being then in his ſuperior Conjunction. In 
going from & to i, he appears to move from C to D; 

and when he is at #, he appears ſtationary at Z; 


being ſeen as far eaſt W the Sun then, as he 


was welt from him at A. In going from x to 0 in 


his Orbit, he ſeems to go. back again in the Hea- 


vens, from Eto D; and is ſeen in the ſame place 
(with reſpect to the Sun) at o, as when he was at J; 


but of a larger diameter at 6, becauſe he is then 


nearer he Farth Z; and when he comes to f, he 
again paſſes by the Sun, and diſappears as before. 
In going from to h in his Orbit, he ſeems to go 


back ward in the Heavens from E to A; and in 


going from 5 to #, he ſeems to go forward from 
Ao EK. As he goes on from /, a little of his en- 
lightened ſide at is ſeen from E; at 5h; he appears 
half full, becauſe half of his enlightened ſide is ſeen; 
at i, gibbous, or more than half full; and at & he 


would appear quite full, were he not hid from the 


Earth E by the Sun S. At 1 he appears gibbous 
again; at u half decreaſed, at o horned, and at f 
new like the Moon at her Change. He goes 


ſooner from his eaftern ſtation at # to his weſtern 
ſtation at þ, than from h to n again; becauſe he 


goes through tefs than half his Orbit in the former 
caſe, and more m the latter. 


144. In the ſame Figure, let PGHIKLMN be Fig. III. 5 


the Orbit in which Venus v goes round the Sun 
$; according to the order of the letters: and let 


E be the Earth as before. When Venus is at , The Elon- 
the is in her inferior Conjunction; and diſappears &" 
like the New Moon, becauſe. her dark ſide is to- Venus. 


ward the Earth. At G, ſhe appears half enlightened 
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to the Earth, like the Moon in her firſt quarter: 
at I, ſhe appears gibbous; at J, almoſt full; her 
enlightened. ide being then nearly towards the 
Earth: at K, ſne would appear quite full to the 
Earth E; but is hid from it by the Sun &: at J, 
ſhe appears upon the decreaſe, or gibbous; at M, 
more io; at N, only halt enlightened; and at J, ſhe 


di ſappears again. In moving from N to G, ſhe 
The greateſt ſcems to go backward in the Heavens; and Sam 


E!ongations 


ot M Y rcury 
and Veaus. 


@ to NM, forward; but, as ſhe deſcribes a much 

reater portion of her Orbit in going from G to 1, 
than from N to C, ſhe appears much longer direct 
than retrograde in her motion. At N and G ſhe 


appears ſtationary : as Mercury does at z and 5h. 
Mercury, when ſtationary, ſeems to be only 28 


degrees from the Sun; and Venus, when ſo, 473 
which is a demonſtration that Mercury's Orbit is 
included within Venus's, and Venus's within the 
Earth's, 

145. Venus, 65 her ſuperior Conjunction at 


K to her inferior Conjunction at F, is ſeen on the 


Morn! ig 
and Evening 
Star, what,” 


the planets 
varia dle. 


eaſt ſide of the Sun S from the Earth E; and there- 
fore ſhe ſhines in the Evening after the Sun ſets, 
and is called the Evening Star : for, the Sun being 
then to the weſtward of Venus, he muſt ſet firſt, 
From her inferior Conjunction to her ſuperior, ſhe 
appears on the welt {ide of the Sun; and therefore 
riſes before him, for which reaſon ſhe is called the 
Morning Star. When ſhe is about N or G, ſhe 
ſhines ſo bright, that bodies caſt ſhadows in the 
night-time. 

146. If the Earth kept always at EM it is evi- 
dent that the ſtationary places of Mercury and 
Venus would always be in the ſame points of the 
Heavens where they were before. For example; 
whilſt Mercury mn goes from + to », according 


to the order of the letters, he appears to deſcribe 
The Baton. the arc ABCD in the Heavens, direct: and whilſt 
ary places of he goes from 7 to b, he ſeems to deſcribe the ſame 
arc back again, from E to A, retrograde: always 
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1 Orbit, from F to F again, in 88 days; and yet there 
apparent Stations, to the ſame again: and the 


to be about 114 degrees eaſtward from the points 


W. advances fo much the farther in its annual path 


The Phenomena of the inferior Planets, 


at n and h he appears ſtationary at the ſame pdints 
E and A as before. But Mercury goes round his 


are 116 days from any one of his Conjunctions, or 
laces of theſe Conjunctions and Stations are found 


of the Heavens where they were laſt before; which 
proves that the Earth has not kept all that time at 
ZE, but has had a progreſſive motion in its Orbit 
from E to t. Venus alſo differs every time in the 
places of her Conjunctions and Stations; but much 
more than Mercury; becauſe, as Venus deſcribes 
a much larger Orbit than Mercury does, the Earth 


before Venus comes round again. 

147. As Mercury and Venus, ſeen from the de or” 
Earth, have their reſpective Elorgations from the all Saturn's 
Sun, and ſtationary places; ſo has the Karth, ſeen uber _=_ 
from Mars; and Mars, ſeen from Jupiter; and from him, 
Jupiter, ſeen from Saturn. That is, to every ſupe- 
rior Planet, all the inferior ones have their Stations 
and Elongations ; as Venus and Mercury have to 
the Earth. As ſeen from Saturn, Mercury never 
goes more than 24 degrees from the Sun; V enus 
44 the Earth 6; Mars 92; and Jupiter 334 fo 
that Mercury, as ſeen from the Earth, has maſt 
as great a Digreſſion or Elongation f from the Sun, 
as Jupiter ſeen from Saturn, 5 

148, Becauſe the Earth's orbit is included with- 4 proof of 
in the Orbits of Mars, Jupiter, and Saturn, they immu 
are ſeen on all ſides of the Heavens: and are as motion. 
often in Oppoſition tio the Sun as in Conjunction 
with him. If the Earth ſtood ſtill, they would 
always appear direct in their motions ; never retro- 
grade nor ſtationary. But they ſeem to go juſt as 
often backward as forward; which, if gravity. be 
allowed to-exilt, affords a ſufficient proof of the 
Earth's annual motion: and without its exiſtence, 
the Planets could never fall from the eng of 

their 
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to the Earth again. 


nets to Mercury, they ſhew much the ſame Appea- 


man 


General 
Phenomena 
of a ſuperior 


Planet to an 


inferior. 


to him almoſt of a round figure. At &, Venus diſ. 


Sun; as well as all our ſuperior Planets are to us, 


V ** N, a little gibbous; quite full at F, and 


roundeſt to it between 7 and K, or between X and 


Venus is oppoſite to the Sun as ſeen from Mercury, 


Earth, and has his whole enlig htened ſide to- 


Mercury m be at f, Venus v at , and the Earth 4 


The Phenomena of the inferior Planets. 


their Orbits toward the Sun, nor could a ſto 
which is once thrown up from the Earth ever fall 


149. As Venus and the Earth are ſuperior Pl. 
ances to him that Mars and Jupiter do to us. Lei 


at E; in which ſituation Venus hides the Earth 
from Mercury; but, being in oppoſition to the? 
Sun, ſhe ſhines on Mercury with a full illumined 
Orb; though, with reſpect to the Earth, ſhe is in 
conjunction with the Sun, and inviſible. When 4 
Mercury is at J, and Venus at G, her enlightened 
ſide not being directly towards him, ſhe appears 2 
little gibbous; M as Mars does in a like ſituation to 
us: but, when Venus is at J, her enlightened ſide 
is ſo much toward Mercury at 5 that ſhe appear 


appears to Mercury at /, being then hid by the 


when in conjunction with the Sun. When Venus 
has, as it were, emerged out of the Sun-beams, ahh 
at L, ſhe appears almoſt full to Mercury at F; a Mr 


largeſt of all; being then in oppoſition to the Sun, 
and conſequently neateſt to Mercury at F; ſhining 
ſtrongly on him in the night, becauſe her diſtance 
from him then is ſomewhat leſs than a fifth part of 
her diſtance from the Earth, when ſhe appears 


J, as ſeen from the Earth E. Conſequently, when 


the appears more than 25 times as large to him as 
ſhe does to us when at the fulleſt, Our caſe is al- 
moſt ſimilar with reſpect to Mars, when he is op- 
polite to the Sun; becauſe he is then ſo near the 


wards it. But, becauſe the Orbies of Jupiter and 
Saturn are very large in proportion te whe Earth's 


Orbit, theſe two Planets appear much lefs _ dy 
he 


The phyſical Cauſes of the Planets Motions. 


One 
fal onjunctions, than Mars does, in proportion to 

Meir mean apparent Diameters. 
Ig. 5 


ar 5 
- * IP 


CHAP. VII. 


Let 0 

rü phy/ical Cauſes of the Mations of the Planets. The 
rt Ercentricities of their Orbits. The Times in which 
the the Action of Gravity would bring them to the Sun. 
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ARCHIMEDES's ideal Problem for moving the Earth. 
| The . orld not eternal, — 


bodies in ſtraight lines, and the univerſa 
Ines, the curvilineal motions of all the Planets 
Pie. If the body 4 be projected along the right 
Ine 45A, in open Space, where it meets with no 


| Per, it will for ever go on with the ſame velo- 
ty, and in the ſame direction. For, the force 


rry it from B to X in as much more time, and 


nd on, there being nothing to obſtruct or alter its 
in, Wotion. But if, when this projectile force has car- 
ng Ned it, ſuppoſe to B, the body & begins to attract 


CE 
of 
ars 
nd 
en 
y. 
as 
al- 


d its motion at B, it will then be drawn from the 


or any other part of its Orbit, if the ſmall body 
within the ſphere of Us attraction, be projected 
s in the right line Z, with a force perpendicular 


he 
the Earth, and « the Moon, 


tt. If a Planet at B oravitates, or is attracted, 


ward the Sun, fo as to fall from B to yin the 
N : time 


Füſtance, and is not drawn alide by any other 


, with a power duly adjuſted, and perpendicular 


raight line ABX, and forced to revolve about 8 
the Circle BYTU. When the body A comes to Fig. W. 


> the attraction of U, then z will go round U in 
e Orbit V, and accompany it in its whole courſe 
pund the body S. Here, & may repreſent the Sun, 


ed at their Oppoſitions, or diminiſhed at their PLATE II. 


\R OM the uniform projectile motion of Gravitation 
] and Projec- 
tion, 


Wower 806 attraction which draus them off from theſe Fig. IV, 


Which moves it from 4 to B in any given time, will Circular 
Orbits. 
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Ell'ptical 


VU: bits, 


time that the projectile force fingly would ha 


theſe two forces being duly proportioned, and pe 


don from B to 1, the gravitating power wou 
then be too ſtrong for the projectile force; an 


all the way from Cto K; cauſing it to deſcrib: 
the arcs BC, CD, DE, EF, &c. all 


The phyſical Cauſes of 


time that the projectile force would have carried 
from 5 to A, it will deſcribe the curve BY by tl 
combined action of theſe two forces, in the fan 


X: 

N 
25 
> 


carried it from B to A, or the gravitating po 
Gngly have cadſed it to deſcend from B to y am 


pendicular to each other, the Planet e then 
both, will move in the circle BYTU*®, = 
152. But if, whillt the projectile torce would cam 
the Planet from B to b, the Sun's attraction (hid 
conſtitutes the Planet's gravitation) ſhould bring iM 


would cauſe the Planet to deſcribe the curve Bf 
When the Planet comes to C, the gravitating poll 
(which always increaſes as the ſquare of the diſtanc 
from the Sun & diminiſhes) will be yet ſtronger fa 
the projectile force; and by conſpiring in ſome de 
gree therewith, will accelerate-the Planet's motion 


in equal times 
Having its motion thus accelerated, it ' thereby 
gains ſo much centrifugal force, or tendency ro ff 
off at K in the line Kk, as overcomes the Sun's at: 
traction : and the centrifugal force being too great 
to allow the Planet to be brought nearer the Sun, 


or even to move round him in the Circle Klmn, &a 

it goes off, and aſcends in the curve KLMN, & t 
its motion decreaſing as gradually from K to 
as it increaſed from B to K, becauſe the Sun's at 
traction now acts againſt the Planer's projectile mo 


tion juſt as much as it acted with it before. W hen 1 
the Planet has got round to B, its projectile forœ 
is as much diminiſned from its mean tate about 6 | 


* To W the projeclile force balance the gravitating pove! 
ſo exactly, as that the body may move in a Circle, the projec 
tie velocity of the body muſt be ſuch as it would have acquicd 

by pravity alone in falling through half the radius of the circle. 


0! 


the Planets Mctions. 


153. A double orajeftile force will 8 ba- 
Wnce a quadruple power of gravity. Let the Planet 
Wi: have twice as great an impulſe from thence 
Wowards X, as it had before ; that is, in the ſame 
ength of time that it was projected from ÞB to 5, 
sin the laſt example, let it now be projected from 
WW to c,; and it will require four times as much gra- 


far as from B to 4 in the time that the projectile 
Worce would carry it from B to c; otherwiſe it 
Would not deſcribe the curve BD, as is evident by the 
Figure. But, in as much time as the Planet moves 


Wiicy to retain it in its Orbit: that is, it muſt fall 


"ml 
VN. as it was augmented at K; and fo, the Sun's PLATE it. 
traction being more than ſuticient to keep the 
Planet from going off at B, it deſcribes the ſame 
1. orbit over again, y virtue of che lame forces or 
9 owers. 


— 


Fig. IV. 


From B to C in the higher part of its Orbit, it moves The 3 
Seieride 


from I to K, or from K to E, in the lower part equal Arcas 


ri thereof; becauſe, from the joint action of theſe two ine equal 
nes forces, it mult always deſcribe equal Areas in equal 
eb times, throughout its annual courſe, Theſe Areas 


are repreſented by the triangles BSC, CSD, DSE, 

at. ESF, &c. whole contents are equal to one another, 

rea quite round the Figure. N 

un, 164. Al the Planets approach nearer the gun; A difficulty 


&M and recede farther from him, in every Revolution; 


& chere may be ſome difficulty in conceiving the rea- 


» 3,88 fon why the power of gravity, when it once gets 


at the better of the projectile force, does not bring the 
mo Planets nearer and nearer the Sun in every Revo- 
hen lution, till they fall upon and unite with him. Or 
ore why the projectile force, when it once gets the 
better of gravity, does not carry the Planets farther 
and farther from the Sun, till it removes them quite 
out of the ſphere of his attraction, and cauſes them 
ier to go on in ſtraight lines for ever afterward. But by 
wired conſidering the effects of theſe powers as deſcribed 
de. in the t two lalt Articles, this difficulty will be re- 
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moved. Suppoſe a Planet at B to be carried l 9 
the projectile force as far as from to 6, in the tim 5 
that gravity would have brought it down from 
to 1: by theſe two forces it will deſcribe the cur þ Fa 
BC. When the Planet comes down to X, it vil os 
be but half as far from the Sun & as it was at 3; 
and therefore, by gravitating four times as frong) ( 
towards him, it would fall from K to in the ſaneliff 
length of time that it would have fallen from BAH 
x in the higher part of its Orbit, that is, througi : 
four times as much ſpace z but its projectile fore 
is then ſo much increaſed at K, as would carry i 
— from K tok in the ſame time; being double «ff 
what it was at B, and is therefore too ſtrong for the 
gravitating power, either to draw the Planet to thei 
Sun, or cauſe it to go round him in the circle A 
&c. which would ame its falling from K to a, 
through a greater ſpace than gravity can draw it, 
whilſt the projectile force is ſuch as would carry it 
from K to : and therefore the Planet aſcends in 
its Orbit KLMN, decreaſing in its velocity fot 
the cauſes already aſſigned in 8 152, 


17 


A. 


50 


ne 


The Plane- 155. The Orbits of all the Planets are Ellipſes, 
ellitical, very little different from Circles : but the Orbits of 
the Comets are very long Ellipſes; and the lowet 
focus of them all is in the Sun. If we ſuppoſe the 

mean diſtance (or middle between the greateſt and 

leaſt) of every Planet and Comet from the Sun to 

Their Fe- be divided into 1000 equal parts, the Eccentrict- 
 ecmtricities. tjes of their Orbits, both in ſuch parts and in Exg- 
Ii miles; Will be as follow. Mercury's, 210 

parts, or 6,720,000 miles; Vent 7 parts, ot 
413,000 miles; the Earth's, 17 parts, or 1, 377, oro 
miles; Mars's, 93 parts, or 11,439,000 miles; 
Jupiter 8, 48 parts, or 20,352,000 miles; Sa- 

turn's, 55 parts, or 42,735,000 miles. Ot the 

neareſt of the three forementioned Comets, 1, 458, o00 

miles; of the middlemoſt; 2,02 g, ooo, ooo miles; 


and of the outermoſt, 6,600,000,000, | 
156. By 


the Planets Motions. 


W 156. By the above-mentioned law, & 150 & k. 
ol Yodies will move 1n all kinds of E Elliptes, whether 
1 ng or ſhort, if the ſpaces they move in be void of 
rl filtance. Only, thoſe which move in the longer 


3 reſſed upon them in the higher parts of their 


oo drbitsz and their velocities, in coming down to- 


dards the Sun, are ſo prodigiouſly increaſed by his 


traction, that their ceatrifugal forces in the lower 
e arts of their Orbits are ſo great, as to overcome 
ee Sun's attraction there, and cauſe them to aſcend 


i gain towards the higher parts of their Orbits; 
FW uring which time, the Sun's attraction acting ſo 
the Patrary to the motions of thoſe bodies, cauſes 


the dem to move ſlower and ſlower, until their pro- 
ectile forces are diminiſhed almoſt to nothing; 


1nd then they are brought back again by the Sun's 
it, Ittraction, as before. 


* 157. If the projectile forces of all the Planets In what 


79 
The above 
laws ſuth- 
cient for 
motions , 
both in cif» 
cular and 


: llipſes, have ſo much the leſs projectile force im- — 


und Comets were deſtroyed at their mean diſtances 1 
from the Sun, their gravities would bring them would falt 


lown fo, as that Mercury would fall to the Sun in 


es, 

fi days; Jupiter in 290; and Saturn in 767. 
vet he neareſt Comet in 13 thouſand days; the mid- 
ne lemoſt in 23 thouſand days; and the outermoſt 


ould fall to him in 7 hours, his ſecond in 13, his 


is fifth in 336. A ſtone would fall to the Earth's 


$ 

2 inutes ꝙ ſeconds. Mr. WrisTon gives the fol- 
he wing Rule for ſuch Computations. *©* lt is de- 
0 Nonſtrable, that half the Period of any Planet, 


chen it is diminiſhed in the ſeſquialteral propor- 


Aſtronomical e of Religion, 4 66, | 
Zy tion 


n 66 thouſand days. The Moon would fall to 
he Earth in 4 days 20 hours; Jupiter's firſt Moon 


hird in 30, and his fourth in 71 hours. Saturn's 
irſt Moon would fall ro him in 8 hours, his ſecond 
n 12, his third in 19, his fourth in 68 hours, and 


enter, if there were an hollow paſſage, in 21 


to the Sun 
by the power 
- days 13 hours; Venus in 39 days 17 hours ; of granit. 


he Earth or Moon in 64 days 10 hours; Mars in 
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The prodi- 
gib us attrac- 
tion of the 
Sun and 
Planet:, 
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| Þrablem fr COuld move the Earth, if he had a place at a di- 


raiſing the 
Earth. 


The phyſical Cauſes of 


tion of the number 1 to the number 2, or near - 
in the proportion of 1000 to 2828, is the time thy; 
it would fall to the center of its Orbit.“ Thi 
proportion is, when a quantity or number contain 
another once and a 1 as much more. 


I 58. 1 he quick. motions of the Moons bo Topiti : 
and Saturn round their Primaries, demonſtrate tha 
theſe two Planets have ſtronger attractive power 
than the Earth has. For, the ſtronger that on 
body attracts another, the greater mult be the pro 
jectile force, and conſequently the quicker mult beg 
the motion of that other body to keep it from fall 
ing to its primary or central Planet. Jupiter: 
ſecond Moon is 124 thouſand miles farther fron 
Jupiter than our Moon is from us; and yet thi 
jecond Moon goes almolt eight times round Jupiter 
whilſt our Moon goes only « once round the Earth, 
What a prodigious attractive power muſt the Sun 
then have, to draw ail the Planets and Satellites 0 
the Syſtem towards him; and what an amazing 
power muſt it have required to put all theſe Planes 
and Moons into ſuch rapid motions at firſt | Amar: 
ing indeed to us, becauſe impoſſible to be effeCted 
by the ſtrength of all the living Creatures in an un. 
limited number of Worlds; but no ways hard for 
the Almighty, whoſe Hinte takes in the 
whole Univerle ! 

159. The celebrated Arcarmepes affine he 


tance from it to ſtand upon to manage his machine- 
ll This aſſertion is true in Theory, but, up 
bode ral ib will be found abſolutely impoſſible in 
1. ct, even though a proper place and materials dl 
luffcient ſtrength could be had. Mt 
The ſimpleſt and eaſieſt method. of moving 
heavy body a little way is by a lever or crow, wher 
a ſmall weight or power applied to the long arm 


Ag e g, Xa; To £00101 uwrow, 7, e. Give me a place ot! 
- ſand on, and 1 ſhall move the Earth. e U 


wil 


ever muſt be in the ſame proportion to the length 
f the ſhort one. Now, f | 
Preis the end of the long arm with the force of 
Joo pound weight, and that the Earth contains in 
Wound numbers, 4,000,000,000,000,000,000,000 
Sr 4000 Trillions of cubic feet, each at a mean 
ate weighing, 100 pound; and that the prop 
r center of motion of the lever is 6000 miles 


the Planets Motions: 81 


in raiſe a great weight on the ſhort one. But g 
hen, the ſmall weight muſt move as much quicker ; 
han the great weight, as the latter is heavier than T 
Whe former ; and the length of the long arm of the þ 
| ' 


uppoſe a man to pull or 


— 
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From the Earth's center: in this caſe, the length q 
Wt the lever from the Fulcrum or center of mo- q 
Wion to the moving power or weight ought to be l 
2,000,000,000,000,000,000.000,000 or 12 Qua- 1 
Wrillions of miles; and ſo many miles muſt the | 
Power move, in order to raiſe the Earth but one i 
nile: whence it is eaſy to compute, that if Axchi- 9 
MEDES, or the power applied, could move as ſwift as a — 
annon- bullet, it would take 27, ooo, ooo, ooo, ooo L 
br 27 Billions of years to raiſe the Earth one inch. | 
If any other machine, ſuch as a combination of 1 
wheels and ſcrews, was propoſed to move the Earth, — 
the time it would require, and the ſpace gone i 
Whrough by the hand that turned the machine, _ 
would be the ſame as before. Hence we may — 
earn, that however boundleſs our Imagination and | 
Theory may be, the actual operations of man are | 
confined within narrow bounds ; and more ſuite E 
to our real wants tlian to our deſires, | 
160, The Sun and Planets mutually attract each mar to de- I | 
other: the power by which they do ſo we call eh Gin 9 
Gravity. But whether this power be mechanical vi is. 
or no, is very much diſputed. Obſervation proves 
that the Planets diſturb one another's motions by 
it, and that it decreaſes according to the ſquares of 
the diſtances of the Sun and Planets; as light, 
which is known to be material, likewiſe does. 
xp . Hence 
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tion of the number 1 to the number 2, or near 
in the proportion of 1000 to 2828, is the time thy: 
it would fall to the center of its Orbit.“ TA 
proportion is, when a quantity or number contain 0 
another once and a air as much more. : 
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The posi- 158. The quick motions of the Moons of Japiid 4 
bin ee and Saturn round their Primaries, demonſtrate tha 
Sand theſe two Planets have ſtronger attractive power 

_Pante. than the Farth has. For, the ſtronger that on 

body attracts Wankel. the greater mult be the pro 
jectile force, and conſequently the quicker mult beg 
the motion of that other body to keep it from fal 
ing to its primary or central Planet. Jupiter 
fecond Moon is 124 thouſand miles farther from. 
Jupiter than our Moon is from us; and yet th 
jtecond Moon goes almolt eight times round Jupiter 
whilſt our Moon goes only once round the Earth, 
What a prodigious attractive power muſt the Sun 
then have, to draw ail the Planets and Satellites of 
the Syſtem towards him; and what an amazing 
power muſt it have required to put all theſe Planen 
and Moons into ſuch rapid motions at firſt ! Amaz: 
ing indeed to us, becauſe impoſſible to be effected 
by the ſtrength of all the living Creatures in an un. 
limited number of Worlds; but-no ways hard for 
the Almighty, whoſe Planetarium takes in tht 
whole Univerſe! 
Azxent= 139. The celebrated ARCaimEDEs afitmed he 
Ev" 5 Could move the Earth, if he had a place at a dit 
wing ths (ance from it to ſtand upon to manage his machine- 
8 . This aſſertion is true in Theory, but, upon 
amination, will be found abſolutely impoſſible n 


Wy even though a proper plate and materials a! 


loffcient ſtrength could be had. 0 

The fimplelt and eaſieſt a ry of moving " 
it heavy body a little way is by a lever or crow, where ( 
| a ſmall weight or power apphed 'to the long arm: 
in ® At; oe Fw, ai To K0T{kOv xu, i, e. Give me a a place (0 th 
1 - Rand on, and 1 ſhall move the Earth. ty 4p W 
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the Planets Motions; 


Bill raiſe a great weight on the ſhort one. But 


* 


hen, the ſmall weight muſt move as much quicker 
Whan the great weight, as the latter is heavier than 
Whe former ; and the length of the long arm of the 
Never muſt be in the ſame proportion to the length 
f the ſhort one. Now, ſuppoſe a man to pull or 
Preſs the end of the long arm with the force of 
oo pound weight, and that the Earth contains in 
Wound numbers, 4,000,000,000,000,000,000,000 
r 4000 Trillions of cubic feet, each at a mean 
Wate weighing, 100 pound; and that the prop 
r center of motion of the lever is 6000 miles 
From the Earth's center: in this caſe, the length 
f the lever from the Fulcrum or center of mo- 
ion to the moving power or weight ought to be 
P, ooo, ooo, ooo, ooo, ooo, ooo, oo, oo or 12 Qua- 

Hrillions of miles; and fo many miles muſt the 
Power move, in order to raiſe the Earth but one 


nile: whence it is eaſy to compute, that if Axchi- 


Pigs, or the power applied, could move as ſwift as a 


annon- bullet, it would take 27,000,000,000,000 


pr 27 Billions of years to raiſe the Earth one inch. 


If any other machine, ſuch as a combination of 
wheels and ſcrews, was propoſed to move the Earth, 
he time it would require, and the ſpace gone 
through by the hand that turned the machine, 
ould be the ſarne_ as before. Hence we may 
earn, that however boundleſs our Imagination and 


Theory may be, the actual operations of man are 
confined within narrow bounds ; and more ſuited 


to our real wants tlian to our deſires. 


160, The Sun and Planets mutually attract each Hr to de- 


other: the power by which they do fo we call 
Gravity. But whether this power be mechanical 
or no, is very much diſputed. Obſervation proves 
that the Planets diſturb 


the diſtances of the Sun' and Planets; as light, 
which is known to be material, likewiſe does. 


* 1 


that ts diſtutb one another's motions by 
lt, and that it decreaſes according to the ſquares of 


3 Hence 


81 


termine 


what Gta- 


vity is. 


82 


The phyſical Canſes of 


Hence Gravity ſhould ſeem to ariſe from the agen 
of ſome ſubtle matter preſſing towards the Sun and 
Planets, and acting like all mechanical cauſes, by 
contact. But on the other hand, when we con. 
ſider that the degree or force of Gravity is exactly Wil 
in proportion to "the quantities of matter in thoſe 
bodies, without any regard to their bulks or quan. Wi 
tities of ſurface, acting as freely on their internal a 


external parts; it ſeems to ſurpaſs the power of Wn 


mechaniſm; and to be either the immediate agency I 
of the Deity, or effected by a law originally eſta. 


bliſhed and impreſt on all matter by him. But 
_ fome affirm that matter, being altogether inert, 


cannot be impreſſed with any Law even by al- 
mighty Power: and that the Deity, or ſome ſub. 
ordinate intelligence, muſt therefore be conſtantly WM 
impelling the Planets toward the Sun, and movin? 
them with the ſame irregularities and diſturbances 
which Gravity would cauſe, if it could be ſuppoſed 
to exiſt, But, if a man may venture to publiſh his 
own thoughts, it ſeems to me no more an abſurdity, 


to ſuppoſe the Deity capable of infuſing a Law, or 
what Laws he pleaſes, into matter, than to ſuppoſe 
him capable of giving it ex xiſtence at firſt, The 


manner of both is equally. inconceivable to us; 
but neither of them imply a contradiction in our 
ideas: and what implies no contradiction, 1 1s within 
the power of Omnipotence. 

161. Thar the projectile force was at firſt given 
by the Deity is evident. For, ſince matter can 
never put itſelf in motion, and all bodies may be 
moved in any direction whatſoever; and yet the 
Planets, both primary and ſecondary, move from 
weſt to eaſt, in planes nearly coincident; whilſt the 


Comets move in all directions, and in planes very 


different from one another; theſe motions can 
be owing to no mechanical cauſe or neceſſity, 
but to the free will and power of an intelligent 
Being. 
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the Planets Motions. 


162. Whatever Gravity be, it is plain that it 


as every moment of time: for if its action ſhould 
eaſe, the projectile force would inſtantly carry off 
Ihe Planets in ſtraight lines from thoſe parts of 
heir Orbits where Gravity left them. But, the 


lanets being once put into motion, there 1s no 


ccaſion for any new projectile force, unleſs. they 
Wneet with ſome reſiſtance in their Orbits; nor for 
Iny mending hand, unleſs they diſturb one another 
Joo much by their mutual attractions. 

163. It is found that there are diſturbances The Planets | 
Among the Planets in their motions, ariſing from 


* 


33 


iſturb one 
nother's 


heir mutual attractions when they are in the ſame motions. 


A 

AB 
Fas 

BA - 

553 
N 
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quarter of the Heavens; and the beſt modern ob- 
ervers find that our years are not always preciſely 
Wof the ſame length“. Beſides there is reaſon to 
believe that the Moon is ſomewhat nearer the 


Farth now than ſhe was formerly; her periodical 


month being ſhorter than it was in former ages. 


For our Aſtronomical Tables, which in the preſent 
Age ſhew the times of Solar and Lunar Eclipſes 
to great preciſion, do not anſwer fo well for ver 


Ancient Eclipſes. Hence it appears, that the Moon 
does not move in a medium void of all reſiſtance, 
$5 1743 and therefore her projectile force being a 
Wittle weakened, whilſt there is nothing to diminiſh 


er gravity, ſhe muſt be gradually approaching 


hearer the Earth, deſcribing ſmaller and ſmaller 
Circles round it in every Revolution, and finiſhing 


her Period ſooner, although her abſolute motion 


* If the Planets did not mutually attract one another, the 
areas deſcribed by them would be exactly proportionate to the 
times of deſcription, $ 153. But obſervations prove that theſe 
areas are not in ſuch exact proportion, and are moſt varied when 
the greateſt number of Planets zre in any particular quatter of the 
Heavens, When any two Planets are in conjunction, their mu- 
tual attractions, which tend to bring them nearer to one another, 
draws the inferior one a little farther from the Sun, and the ſu- 


perior one a little nearer to him; by. which means, the figure of 


their Orbits is ſomewhar altered; but this alteration is. roo ſmall 
to be diſcovered in ſeveral ages. 


G 2 with 


The con- 


ſequences 
thereof. 


84 Concerning the Nature and 


with regard to ſpace be not ſo quick now as it wlll 
| formerly: and, therefore, ſhe muſt come to tl 
Nl Earth ar Jaſt; unleſs that Being which gave heli 
| a ſufficient projectile force at the beginning, add 
Bl a little more to it in due time. And, as all tl 
if | Planets move in ſpaces full of ether and light, which 
9 are material ſubſtances, they too muſt meet vi 
ſome reſiſtance. And therefore, if their gravitiM 
are not diminiſhed, nor their projectile forces u 
creaſed, they muſt neceſſarily approach nearer an 
nearer the Sun, and. at length fall upon and unit 
with him. 
The world 164. Here we hw a ſtrong philoſophical argu 
notereinale ment againſt the eternity of the World. F or, hal 
I” | exiſted from eternity, and been left by the Deinſſ 
to be governed by the combined actions of 
above forces or powers, generally called Laws, M 
had been at an end long ago. And if it be left 
them, it muſt come to an end. But we may bi 
certain that it will laſt as long as was intended by 
its Author, who ought no more to be found fal 3 
with for framing: ſo periſhable a worn than iv 
making man mortal. 
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CHAP. VII 


05 Ligbi. Its proportional quantities on the differ 
Planets. Its Refrattions in Water and Air. Th 
Atmoſphere, its Weight and Properties. The Hon 1 
zZontal Moon. 


165. 1 IGHT conſiſts of exceeding ſmall par 

3 ticles of matter iſſuing from a luminoui 

y; as from a lighted candle ſuch particles ol 

_—_ conftantly flow in all directions. Dr. New: 

ENTYT * computes, that in one ſecond of time ther 
8 flows 418,660, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo 


neſs of the OOO, Ooo, ooo, ooo, ooo particles of light out of! 
_ particles of burning candle; which number contains at leal 


light, 
* Religious Philoſopher, Vol. III p. 65. 
GH 5 | 6,350 


mr 
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Preperties of Light. _ 93 
* 6 337,242,000,000 times the number of grains 
band in the whole Earth; ſuppoſing 100 grains 


WF {and to be equal in length to an inch, and con- 
mm quently, every cubic inch of the Earth to con- 
1 in one million of ſuch grains. 
166. Theſe amazingly ſmall particles, by ſtrik- The dread 

s upon our eyes, excite in our minds the idea that would | 
« light : and, if they were as large as the {ſmalleſt een 
1 articles of matter diſcernible by our beſt micro larger. . 
Hopes, inſtead of being ſerviceable to us, they 
ould ſoon deprive us of ſight by the force ariſing 

om their immenſe velocity, which 1s above 164 

ouſand miles every ſecond “, or 1,230,000 times 

ifter than the motion of a cannon-bullet, And 
Wecrefore, if the particles of light were ſo large, 
at a million of them were equal in bulk to an 
.Wrdinary grain of ſand, we durſt no more open our 
es to the light, than ſuffer ſand to be ſhot point 
blank againſt them. 
167. When theſe ſmall particles, flowing from e 
Te Sun or from a candle, fall upon bodies, and bie to vs. 
fore thereby reflected to our eyes, they excite in 
the idea of that body, by forming its picture 

In the retina 2. And ſince bodies are viſible on 

Wl ſides, light muſt be reflected from them in all 
Wirections, 
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ren 168. A ray of naht is a continued ſtream of The rays af 
Light natu- 
Mheſe particles, flowing from any viſible body in a ni move 


night line. That the rays move in ſtraight, and in fraight 
Hot in crooked lines, unleſs they be retracted, is mo 
evident from bodies not being viſible if we endea- 

our to look at them through the bore of a bended 
Wipe; and from their ceaſing to be ſecn .by the 
Interpoſition of other bodies, as the fixed Stars by 


We interpoſition of the Moon and Planets, and 
cre Sun wholely or in part by the interpoſition of 
008Wne Moon, Mercury, or Venus. And that theſe A proof hat 
f ays do not interfere, or joſtle one another out of bene ane. 
ea This will be demonſtrated in the eleventh Chapter. _ oth 9 5 
+ A fine net work membrane in the bottom of the eye. 2 
| G 3 their 
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PLATE U. their ways, in flowing from different bodies a 


do caſt one ſpeck; which ſhews that the rays ar 


Fig. XI. 


In what 
proportion 
light and 
heat de- 
creaſe at 
any given 
diſtance 
from the 
SUN, 


tarts * 


decreaſes in proportion to the ſquares of the dil. 
tances of the Planets from the Sun. This is eaſily 


Optics“. Let the light which flows from a point 


dow C will be each "double. of the length and 


ſquares, and at a treble diſtance, into nine ſquares, 
ſcverally equal to the ſquare B, as repreſented in 
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Concerning the Nature and 


around, is plain from the following Experimen Hit 
Make a little hole in a thin plate of metal, and 

ſet the plate upright on a table, facing a row of 
lighted candles ſtanding by one another; the 


place a ſheet of paper or paſteboard at a little du 
tance from the other {ide of the plate, and the ra 


of all the candles, flowing through the hole, will 
torm as many ſpecks of light on the paper aſ 
there are candles before the plate; each ſpeck a 
diſtinct and large, as if there were only one candle 


no hindrance to each other in their motions, al: 
though they all croſs in the hole. 


169. Light, and therefore heat ſo far as it de. 
pends on the Sun's rays (§ 85, towards the end), 
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demonſtrated by a Figure which, together with 
its deſcription, I have taken from Dr. SMITH" 


A, and paſſes through a ſquare hole B, be receiv: 
ed upon a plane C, parallel to the plane of the 
hole; or if you pleaſe, let the figure C be the 
ſhadow of the plane B; and when the diſtance Ci 
double of B, the length and breadth of the ſha- 


breadth of the plane B; and treble when AD 5 
treble of AB; and fo on: which may be caſih 
examined by the light of a candle placed at 4. 
Therefore the ſurface of the ſhadow C, at the 
diſtance AC double of AB, is diviſible into four 


the Figure. The light then which falls upon the 


plane B, being ſuffered to pats to double that 


diſtance, will be uniformly ſpread over four times 
the ſpace, and conſequently will be four times 


Book l. Aft. 57. 
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Ininner in every part of that ſpace; and at a treble PLATE Il. 
iſtance, it will be nine times thinner; and at a 
uadruple diſtance, ſixteen times thinner, than it 
as at firſt; and lo on, according to the increaſe 
f the iquare ſurfaces B, C, D, E. built upon the 7, ; 
iſtances AB, AC, AD, AE. Conſequently, the 0 
uantities of this rarefied light received upon a | 
Wurface of any given ſize and ſhape whatever, re- | 
moved ſucceſſively to theſe ſeveral diſtances, will 
Wbe but one fourth, one ninth, one ſixteenth of 
Wthe whole quantity received by it at the firſt diſ- 
Wrance AB. Or in general words, the denſities and | 
quantities of light, received upon any given plane, 
W arc diminiſhed in the ſame proportion, as the ; 
ſquares of the diſtances of that plane, from the j 
luminous body, are increaſed: and on the con- | 
Y crary, are increaſed in the fame proportion as theſe 
1 quares are diminiſhed. 
170. The more a teleſcope magnifies the diſks Why the | 

Jof the Moon and Planets, they appear ſo much = 3 l 
dimmer than to the bare eye; becauſe the tele- wer _ ; 
ſcope cannot magnify the quantity of light, as rg erage : 
does the ſurface; and, by ſpreading the ſame n e the | 
quantity of light over a ſurface ſo much larger 
chan the naked eye beheld, juſt ſo much dimmer 
muſt it appear when viewed by a teleſcope than 
by the bare eye. 
171. When a ray of light paſſes out of one 
medium “ into another, it is retracted, or turned 
out of its firit courſe, more or leſs, as it falls 
more or leſs obliquely on the refracting ſurface 
which divides the two mediums. This may be 
proved by ſeveral experiments; of which we ſhall 
only give three for example's ſake. 1. In a baſon! 
FGH put a piece of money as DB, and then retire 
from it as to A, till the edge of the baſon at E 
juſt hides the money from your ſight ; then, keep- 


* A medium, in this ſenſe, is any tranſparent body, or that 
through which the rays of light can paſs; as water, glaſs, Cla- 
mond, air; and even a vacuum is ſometimes called a Medium. 


G 4 - - WK 


_. Concerning the Atmoſphere. 


ing your head ſteady, let another perſon fill the 
baſon gently with water. As he fills it, you will 
| 7 ſee more and more of the piece DB; which vil 
- S$flighe,” be all in view when the baſon is full, and appen 
5 as if lifted up to C. For the ray AEB, which 
was ſtraight whilſt the baſon was empty, is now M 
bent at the ſurface of the water in E, and turned = 
out of its rectilineal courſe into the direction ED. 
Or, in other words, the ray DER, that proceeded iſ 
in a ſtraight line from the ade D whilſt the baſon 
was empty, and went above the eye at A, is now 
bent at E; and inflead of going on in the recti. 
lineal direction DER, goes in the angled direction 
DEA, and by entering the eye at A renders the 
object DB viſible. Or, 2dly, Place the baſon 
where the Sun ſhines obliquely, and obſerve where 
the ſhadow of the rim E falls on the bottom, as at 
B then fill it with water, and the ſhadow will fall 
at D; which proves, that the rays of light, falling 
obliquely on the. ſurface of the water, are refracted, 

or bent downwards into it. 
172. The leſs obliquely the rays of light fall 
upon the ſurface of any medium, the leſs they are 
refracted; and if they fall perpendicularly thereon, 
they are not refracted at all. For, in the laſt ex- 
periment, the higher the Sun riſes, the leſs will 
be the difference between the places where the 
edge of the ſhadow falls, in the empty and full 
ö baſon. And, 3dly, If a ſtick be laid over the 
baſon, and the Sun's rays being reflected perpen- 
dicularly into it from a looking-glats, the ſhadow 
of the ſtick will fall upon the ſame place of the bot⸗ 
109k wherher the baſon be full or empty. p 
The denſer that any medium 1 is, the more WP 
is light refracted in paſſing thiropgh 1 It, 0 


The Atmo- 174. The Earth is ſurrounded * a thin Avid 
ipucre. maſs of matter, called the Air or Atmoſphere, 
which gravitates to the Earth, revolves with it in 

Its diurnal motion, and goes round the Sun with 

if 
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: t every year. This fluid is of an elaſtic or ſpringy 
ature, and it's lowermoſt parts, being preſſed by 
Ihe weight of all the Air above them, are preſſed 


at the Earth's Surface, and gradually rarer the 


Tm higher up. It is well known“ that the Air near 
ed the ſurface of our Earth poſſeſſes a ſpace about 
D. 200 times greater than Water of the ſame 
ed weigbt. And therefore, a cylindric column of 
on Air 1200 feet high is of equal weight with a cylin- 
aer of Water of the ſame breadth, and but one 
ti. ¶ Foot high. But a cylinder of Air reaching to the top 
on » the Atmoſphere is of equal weight with a cylin- 
he der of Water about 33 feet high; and therefore 
on if from the whole cylinder of Air, the lower part 
re {Wot 1200 feet high is taken away, the remaining 
at Wvpper part will be of equal weight with a cylinder 


17 of 1200 feet, or two furlongs, the weight of the 


Jof the compreſſed Air is greater than near the 
111 WEarth's ſurface, in the ratio of 33 to 32. And 
re the Air at all heights whatſoever, ſuppoſing the 


n, expanſion thereof to be reciprocally proportional 
to it's compreſſion ; and this proportion has been 
proved by the experiments of Dr. Hooke and 


ie others. The reſult of the computation I have ſet 
down in the annexed Table: in the firſt column 
ie Hof which you have the height of the Air in miles, 
n- {WW whereof 4000 make a ſemi- diameter of the Earth; 


in the ſecond the compreſſion of the Air, or the 


t. Incumbent weight; in the third it's rarity or ex- 
panſion, ſuppoſing gravity to decreaſe in the du- 
re ¶plicate ratio of the diſtances from the . Earth's 
enter. And the ſmall numeral figures are here uſed 

10 ſhey what number of cy Phers malt be joined 


d 
, 9 W 8 e of the World, p. 120. 
n 1 This is evident from common pumps. 


4 the cloſer together; and are therefore denſeſt of all 


of Water 32 feet high; wherefore, at the height 


d, Wincumbent air is leſs, and conſequently the rarity | 
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to the numbers expreſſed by the larger figures, x T 
0. 7 1224 for 0.0000000000000000012 24, and 
26956** for 2695 6000000000000000. 1 


n | 
The Airs Heiebr | Compreſſio on. r 
compreſſion 
and rarity at | 5 O 33 * © © @ # | gs 
different 74+. . Oo 5575 EEC 1.8486} 
heights. 45 10 f 9. 6717 8 a 0 3.4151 


20 2.852 . „ 0 11.571 

40 O. 2525 2 2» . 136.83 
400 O. 1224.269565 

x 4000 0. 94455 54909 **7 
goc oOo O. 921628 | 2626359 
400000 0.** 22895 141798297 
| 400COOO 0.129878 33414 * 
— 0. 2229041 4622255 


From the above Table it appears that the Air 5 
in proceeding upwards is rarefied in ſuch manner 
that a ſphere of that Air which is neareſt the Earth 


Wc 
bur of one inch diameter, if dilated to an equal þ 
rarefaction with that of the Air. at the height of - 

ten ſemi-diameters of the Earth, would fill vp 

more ſpace than is contained in the whole Heaven i 
on this ſide the fixed Stars, And it likewiſe ap- If 
pears that the Moon does not move in a pertectly Wh t 
tree and unreſiſting medium; although the Air, n 
at a height equal to her diſtance, is at leat : 
3400 times thinner than at the Earth's ſur- I 
tace; and therefore cannot reſiſt her motion, ſo as \ 
to be ſenlible in many ages. 

Tis weight 175. The weight of the Air, at the Earth's ſur- WM | 

how found. face, is found by experiments made with the Air-Wl | 
pump; and alſo by the quantity of mercury that Will | 
the Atmolphere balances. in the barometer ; in 


which, at a mean ſtate, the mercury ſtands 29; 
inches high. And if the tube were a ſquare inch 
wide, it would at that height contain 294 cubic 
inches of mercury, which 1s Juſt I 5 pound weight; 


2 "and 


wo my _ * = * * 
* hd * . 1 $740 — f r ST f . 
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ad ſo much weight of Air every ſquare inch of | 
ang : he Earth's ſurface ſuſtains ; and every ſquare foot ; 
144 times as much, becauſe it contains 144 ſquare 
Faches. Now, as the Earth's ſurface contains, in 
round numbers, 200,000,000 ſquare miles, it muſt 
Wcontain no leſs than 5,57 5,680,000,000,000 ſquare 
feet; which being multiplied by 2160, the num- 
per of pounds on each ſquare foot, amounts to 
12,043, 468, 800, ooo, oo, ooo pounds, for the 
weight of the whole Atmoſphere. At this rate, a 
middle: ſized man, whole ſurface is about 15 ſquare 
feet, is preſſed by 32, 400 pound weight of Air all 
around]; for fluids preſs equally up and down, and 
Won all ſides. But, becauſe this enormous weight 
WT is equal on all ſides, and counterbalanced by the 
W ſpring of the Air diffuſed through all parts of our 
bodies, it is not in the leaſt degree felt by us. 
176. Oftentimes the ſtate of the Air is ſuch, 4 men 
: that we feel ourſelves languid and dull; which is witake 
commonly thought ro be occaſioned by the Air's vac Tae 
val being foggy and heavy about us. Bur that the the Air. 
o air is then too light, is evideat from the mer- 
ub cury's ſinking in the barometer, at which time it 
us is generally found that the Air has not ſufficient 
p itrength to bear up the Vapours which compoſe 
ty the Clouds: for, when it is otherwiſe, the Clouds 
mount high, and the Air is more elaſtic and weighty 
al WF about us, by which means it balances the internal 
. ipring of the Air within us, braces up our blood- 
5 veſſels and nerves, and makes us briſk and lively. 
177. According to* Dr. KILL, and other aſtro- without an 
nomical writers, it is entirely owing to the Atmo- fle: 


the Heavens 


Wy [phere that the Heavens appear bright i in the day- would al- 
time. For, without an Armoſphere, only that N 
part of the Heavens would ſhine in which the Sun aus 
iwas placed: and if we could live without Air, + qe 
): WW and ſhould turn our backs toward the Sun, the 


ch whole Heavens would appear as dark as in the 


t; Ste his Aſtronomy, p-. 232. 3 
1d night, 
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PLATE II. night, and the Stars would be ſeen as clear as in 
the nocturnal ſky. In this caſe, we ſhould have 
no twilight; but a ſudden tranſition from the 
brighteſt ſunſhine to the blackeſt darkneſs imme. 
diately after ſun ſet; and from the blackeſt dark- 
neſs to the brighteſt ſunſhine at ſun riſing; which 
would be extremely inconvenient, if not blinding, 
to all mortals. But, by means of the Atmo- 
ſphere, we enjoy the Sun's light, reflected from 
the aerial particles, for ſome time before he riſes 
and after he ſets. For, when the Earth by its 
rotation has withdrawn our ſight from the Sun, 

the Atmoſphere being ſtill higher than we, has the 
Sun's light imparted to it; which gradually de. 
creaſes until he has got 18 degrees below the Ho- 
rizon; and then, all that part of the Atmoſphere 
which is above us is dark. From the length of twi- 
light, the Doctor has calculated the height of the 
A dere (ſo far as it is denſe enough to reflect 
any light) to be about 44 miles. But it is ſeldom 


denſe "enough at two miles height to bear op the 
Clouds, 


Fe beingothe. 178. The Atmoſphere refracts the Sun's rays 
before he ſo, as to bring him in ſight every clear day, before 
lep, bim he riſes in the Horizon; and to keep him in view 
in view after for ſome minutes after he is really ſet below it. 
he ſets. For, at ſome times of the year, we ſee the Sun ten 
minutes longer above the Horizon than he would 
be if there were no refractions: and about ſix mi- 
nutes every day at a mean rate. 
Fig. IX, 179. To illuſtrate this, let IEK be a part of the 
—_ Earth's ſurface, covered with the Atmoſphere 
HGFC; and let HEO be the“ ſenſible Horizon 
of an obſerver at E. When the Sun is at A, really 
below the Horizon, a ray of light AC proceediſig 
from him comes ſtraight to C, where it falls on 
the ſurface of the Atmoſphere, and there entering 


a denſer medium, it is turned out of its rectilinea 


As far as one can ſee round him on the Earth. 
courſe 
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W courſe ACdG, and bent down to the obſerver's eye 
Nat E; who then ſees the Sun in the direction of 
the refracted ray Ede, which lies above the Hori- 
on, and being extended out to the Heavens, 
WT ſhews the Sun at B, § 171. 


180. The higher the Sun riſes, the leſs his rays 


are refracted, becauſe they fall I. ſs obliquely on 
the ſurface of the Atmoſphere, $ 172. Thus, 

iy when the Sun is in the direction of the line n 
continued, he is ſo nearly perpendicular to the 
ſurface of the Earth at E, that his rays are but 
W very little bent from a rectilineal courſe. 


" "MF 


18 1. The Sun is about 324 min. of a deg. i in The quan- 


breadth, when at his mean diſtance from the 
Earth; and the horizontal refraction of his rays is 
33 min. which being more than his whole dia- 


meter, brings all his Diſc in view, when his upper- 


moſt edge Tifes in the Horizon. At ten deg. 
height, the refraction is not quite 5 min.; at 20 
8 deg. only 2 min. 26 ſec.; at 30 deg. but 1 min. 
132 ſec.; between which and the Zenith, it is 
Y ſcarce ſenſible: the quantity throughout, is ſhewn 


by the annexed table, calculated by Sir ISAAC 


NEWTON, 


tity of Re- 
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titudes. 


— 


| Appar. Retrac | 
Alt, | tion. |] Alt. | tion, 


o 45125 110 24 | 1 59 
FS +0123. -- 7-29 4-1 $8 
1 15021 20 26 11 49 
1. 3009 7 1 - 44 
ahn ---234|-28*Þ 1:40 
4 9 £1429 þ:4.: $6 
2 305, 2130 [1 22 
3 olſ13 zoſ| 31 | 1 28 
7 701738: 30x: 8 
4: 0110 4511::$3 1 14.22 
„ ² 3% 540 49 
$04,043 36. 1 x 436 
V 
2777. 
S 30% rn 
7 o ns 
| 7 306 220 401 4 


4 52 

Tas Wo EW 
12 of 4 547 | © 50 
13 01 3-47 | 48 | © 48 
[+4- 013:.431H 49 1. 0::.47 
V 1-9. 45 
16 3 40 50 44 
117. ol:2 $14 32. 10:48 
18 O01 2 431} $94 040 
19 0 2 34 54 | © 39 
20 „ -230H cc 1 0-426 


AP. Retrac- | 


[109 7; IS 


Retrac- 
tion, 


0 35 


O 32 


o 30 
0 28 
"0:47 


o 26 
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182. A TAL ſhewing the Refractions| 
of the Sun, Moon, and Stars; 
adapted to their apparent Al- 
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= 13 3. In all obſervations; to have the true alti- PLATE II. 
Jude of the Sun, Moon, or Stars, the refraction 
Buſt be ſubtracted from the obſerved altitude. 
Pot che quantity of refraction is not always the _ 
4 me at the ſame altitude ; becauſe heat diminiſhes n 
Whe Air's refractive power and denſity, and cold Retraftions, 
Wncreaſes both; and therefore no one table can 
Wcrve preciſely for the fame place at all ſeaſons, 
For even at all times of the ſame day; much leſs 
Wor different climates: it having been obſerved 
What the horizontal refractions are near a third part 
ess at the Equator than at Paris, as mentioned by 
r. Suirn in the 370th remark on his Optics, 
Where the following account is given of an extra- 
Prdinary refraction of the Sun beams by cold, 
There 1s a famous obſervation of this kind made 
'F ſome Hollanders that wintered in Nova Zembla A very re- 
In the year 1596, who: were ſurprized to find, that eee 
fter a continual night of three months, the Sun ee 
pegan to riſe ſeventeen days ſooner than according 
o computation, deduced from the Altitude of the 
Pole obſcrved to be 76: which cannot otherwiſe 
pe accounted for, than by an extraordinary refrac- 
ion of the Sun's rays, paſſing through the cold 
Henſe air in that climate. Kepler computes that 
he Sun was almoſt five degrees below the Horizon 
hen he firſt appeared; and conſequently the re- 
ration of his rays was about nine times r 
Than it is with us,” 
184. The Sun and Moon appeat 5 an oval 
gure, as FCG D, juſt after their riſing, and be- 
ore their ſerting : : the reaſon is, that the refraction 
Peing greater in the Horizon than at any diſtance 
above it, the lowermoſt limb G appears more ele- 
ated than the uppermoſt, Bur although the re- 
ration ſhortens, the vertical Diameter FG, it has 
o ſenſible effect on the horizontal Diameter CD, 
hich is all equally elevated. When the refraction 
$ ſo ſmall as to be imperceptible, the Sun and 
oon appear perfectly round, as AEPF. 


1835. We 
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Our imagi- 18 We daily obſerve, that the objects which bs 


not junge APPEAT moſt diſtinct are generally thoſe which at 5 
rightly of neareſt to us; and conſequently, when we hav 
of inacceſſi- nothing but our imagination to aſſiſt us in eſtima 
ble o jecds. ting of diſtances, bright objects ſeem nearer to u 
than thoſe which are leſs bright, or than the ſans 

objects do when they appear leſs bright and worl 
defined, even though their diſtance in both caſ# 

be the ſame. And if in both caſes they are ſe: 

under the ſame Angle“, our imagination nat. 

ns „ral 


pl. ATE II. ® An Angle is the inclination of two right lines, as IH au 
Fig: V. KH, meeting in a point at H; and in deſcribing an, Angle Hf 
three letters, the middle letter always denotes the angulviil 
point: thus, the above lines IH and KH meeting each oth 
at H, make the Angle HRK. And the point H is ſuppoſed u 
be the center of a Circle, the circumference of which conta 
360 equal parts, called Degrees. A fourth part of a” Circle, Wn 
called a Quadrant, as GE, contains go degrees; and ever 
Angle is meaſured by the number of degrees in the Arc it cus 
off; as the Angle EHP is 45 degrees, the Angle EHF 33, &. 
and ſo the Angle EHF is the fame with the Angle CAN, an 
alſo with the Angle AHM, becauſe they all cut off the ſane 
Arc or portion of the Quadrant EG; but the Angle EH 
is greater than the Angle CHD or AHL, becauſe it cuts off a 
greater Arc. c onde: be | 
The nearer an object is to the eye, the bigger it appear; 
and under the greater Angle is it ſeen. To illuſtrate this 
little, ſuppoſe an Arrow in the poſition IK, perpendicular to til 
right line HA drawn from the eye at H through the middle * 
the Arrow at O. It is plain that the Arrow is ſeen under thy 
Angle IHR. and that HO, which is it's diſtance from. the exe, 
divides into halves both the Arrow and the Angle under which 
it is ſeen, vix. the Arrow into 10, OK, and the Angle int 
THO and KHO: and this will be the caſe whatever diflance 
the Arrow is placed at. Let now three. Arrows, all of the fame 
length with IX, be placed at the diſtances HA, HC, HE, fili 
perpendicular to, and biſected by the right line HA; then will 
AB, CD, EF, be each equal to, and repreſent OI; and 46 
(the ſame as OT) will be ſeen from H under the Angle AH 
but CD (the ſame as OI) will be ſeen under the Angle CH 
or AHL; and EF (the ſame as OI) will be ſeen under tht 
Angle EHF. or CHN. or AHM. Alſo EF or OF at the di 
tance HE will appear as long as O would at the diſtance H 
or as AM would at the diſtance HA; and CD or 10 at tif 
diſtance HC will appear as long as AL would at the go 
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in, ſuggeſts an idea of a greater diſtance between 
s and thoſe objects which appear fainter and 


4 5 orſe defined than thoſe which appear brighter 
nn, Nonder the ſame Angles; eſpecially if they be ſuch 


ul objects as we were never near to, and of whoſe 

mel real Magnitudes we can be no judges by fight. 

ore 186. Bur, it is not only in judging of che dif Nor always 

ale ferent apparent Magnitudes of the fame objects, af reg 

ſe Pobich are better or worſe defined by their being acceſſible, 

ata more or leſs bright, that we may be deceived : for 

all Ve may make a wrong concluſion even when we 
view them under equal degrees of brightneſs, and 


7 and al nder equal Angles; although they be objects 


e A hoſe bulks we are generally acquainted with, 0 | 
pul Wuch as houſes or trees: for proof of which, the 4 
o following inſtances may ſuffice : 

tam Firſt, When a houſe is ſeen over a very broad The reaſon 


þ aſſigned. 
ircle, - 


every 
Cuts 
„ &, 
and 
ſane 
EHT 
off 4 


: er by a perſon ſtanding on low ground, who. 
ſees nothing of the river, nor knows of it before- 
Hand; the breadth of the river being bid from 
him, becauſe the banks ſeem contiguous, he loſes 
Ne idea of a diſtance equal to that breadth; and 
The houſe ſeems ſmall, becauſe he refers it to a leſs 
Wiſtance than ir really is at. But, if he goes to a 
Years : place from which the river and interjacent ground 
his Man be ſeen, though no farther from the houſe, he 
* When perceives the houſe to be at a greater diſtance 
r ban he imagined ; and therefore fancies it to be 
exe, Þ122er than he did at firſt; although in both caſes 
whit appears under the ſame Angle, and conſequently 
\ Fakes no bigger picture on the retina of his eye 


l 
"Wn the latter caſe than it did in the former. Many 


- (ami 

, Gave been deceived, by taking a red coat, of arms, 

. 41 lied upon the iron gate in "Clare Hall walks at 

000 $74. S that as an object approaches the eye, both it's Mage N 
1-4 node and the Angle under which it is ſeen increaſe; and As 

e OL object recedes, the contrary. 


e H 
at the 
ſtance 


HE 


H £3 Cambridge, 
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PLATE H. Cambridge, for a brick houſe at a much greater E 


Fig. XII, 


band, to be a great caſtle at a diſtance ! becauſe it 


the Miſt, that we refer it to a much greater vil 
tance than it really is at; and therefore, under the 


the near object FE, ſeen by the eye ABD, appears F 


limit the ſize of the 


were taken away, would be the 


eye and the object FE, che object appears dull and il 


in the leaſt diminiſh the Angle under which the 
object appears, the ſmall hay- rick FE ſeems to be 
as big as GH. 


Clouds near the Horizon, and at that diſtance looked as if it 


diſtance“. N 
Secondly, In foggy weather, at firſt ſight, ve 
generally imagine a ſmall houſe, which is s juſt at 


appears ſo dull and ill defined when ſeen through E 


ſame Angle, we judge it to be much bigger. For, 3 


under the ſame Angle GCH that the remote ob- 
ject GHI does: and the rays GFCN and HEC 
croſſing one another at C in the pupil of the eye, 
picture MN on the retina; 
which is the picture of the object PE, and if Fi 
picture of the 
object GHI, only worſe defined; becauſe GH, 
Na farther off, appears duller and fainter than 
FE did. But when a Fog, as KL, comes between the 


defined like GU, which cauſes our imagination 
to refer FE to the greater diſtance CH, inſtead of 


the ſmall diſtance CE which it really is at. And 
conſequently, as miſ-judging the diſtance does not 
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* The fields which are beyond the gate riſe 3 till 
they are juſt ſeen over it; and the arms being red, are often 
miltaken for a houſe at a conſiderable diſtance in thoſe fields. 

I once met with a curious deception in a gentleman's garden 
at Hackney, occaſioned by a large pane of glaſs i in the garden- 
wall at tome diſtance from his houſe, The glaſs (through 
which the ſky was ſeen from low ground) reflected a very 
faint image of the houſe; but the image ſeemed to be in the 


were a huge caſtle in the Air. Yet, the Angle under which 
the image appeared, was equal to that under which the bouſe 
was ſeen; but the image being mentally referred to a much 
greater diſtance than the Wonen 0 much bigger to the 


imagination. 
187. The 


Horizontal Moon explained. | 99 


er | | 187. The Sun and Moon appear bigger in the | PLATE uy 


: IX, 
& Horizon than at any conliderable height above it. Tm 855 


we Theſe Luminaries, although at great diſtances 

at from the Earth, appear floating, as it were, on the 

it ſurface of our Atmoſphere HGEfeC, a little way 
beyond the Clouds; of which, thoſe about F, wy the 
directly over our heads at E, are nearer us than sud 
thoſe about Hor e in the Horizon HEe. There- oe Mel 
fore, when the Sun or Moon appear in the Hori- e Ho- 
on at e, they are not only ſeen in a part of the | 
Sky which is really farther from us than if they 
vere at any coniiderable Altitude, as about f; but 

they are alſo ſeen through a greater quantity of 

Air and Vapours at e than at 7. Here we have 

two concurring appearances which deceive our 
imagination, and cauſe us to refer the Sun and 
Moon to a greater diſtance at their riſing or ſet- 

ting about e, than when they are conſiderably 
high, as at F: firſt, their ſeeming to be on a part 

Jof the Atmoſphere at e, which is really farther 

than F from a ſpectator at E; and ſecondly, their 
eing ſeen through a groſſer medium when at e 

ban when at 7; which, by rendering them dim- 

mer, cauſes us to imagine them to be at a yet 

: greater diſtance. And as, in both caſes, they are 

een“ much under the fame Angle, we naturally 

Wudoe them to be biggeſt when they ſeem fartheſt 
From us; like the above-mentioned houſe, & 186, 

en from a higher ground, which ſhewed it to 

Wc farther off than it- appeared: from low ground: 

Por the hay-rick, which appeared at a greater diſ- 

Fance by means of an interpoſing Fog. 


8) 188. Any one may fatisfy himſelf that the Moon Theit y- 
ws Appears under no greater Angle in the Horizon bara Dia- 
han on the Meridian, by taking a large ſheer of not !efs oa 
ich paper, and rolling it up in the form of a Tube, 3 
ule pf ſuch a width, that obſerving the Moon through ia the Hori- 
-| 5 


*The Sun and Moon ſubtend a greater Angle on the Meri- 
Pian than in the Horizon, being nearer the Obſerver's $ * lace in 
We former caſe than in the latter. | 


8 . it 


— —— ID 2 


2 — x — IO 


A... 


-. —— 


=> . * N 2 2 : = * 
n a N . a * = = —_ 
= — — — —— — — 
22 X———= —ů— — — _ 
=> - N — L N = 


— 


— 


— — 
— = 


- a — = 


— 


=: 


6) 5 
: 
ts 0 
1 
'L 
: 
0 1 
19 
1 
N 
1 
: 
N. 
1 
& vt 
: 
10 19 
1 
1 
7 1 
L000 
q 13M 
19 1} ! 
12207 
41 08 
65 
10 0 
I. 
my! 
145 
T ; 
70000” 
* 1 
1 
„ 
NH 
l 10 4 
mil. 
ui 
n 
. 
i! 
u 
l [ ( 
1 
Ms 
"TA. 
TW 
ö l 
| A! 
: ul 
IH 
1 "0 
- 
| "ys; 
4 : 
Cir 
: 1 
97 
Wt 
| i 
} U 
zt 
L 
. 
} 50 
I. 
Wi 24 
$1 
Bil 
* Ti 
Bi. 
FT 
$334 
£34 
1 
1 
ff: 
7 
it 
1 . 
WH 
L 
= 
0; 
! 
: 
00 
11 
i" 
( 


— 


100 


Tube; then tie a thread round it to keep it off 


her leaſt diſtance from the Earth, ſhe is ſeen under E 


part of the Atmoſphere where ſhe riſes be more 
much the dimmer; and therefore we fancy her to 


great diſtance z knowing that no objects wel 
The Method of finding the Diſtances of the Sun, 


Phenomenon by a common Quadrant, nor knoy 


is a quadrantal board, or plate of metal, divided into 99 equal 


the Quadrant whereon they ſtand. To the center E is fixed 


4 
The Method of finding the Diſtances 


it when ſhe riſes, ſhe may, as it were, juſt fill the 


that ſize; and when the Moon comes to the Mer 
dian, and appears much leſs to the eye, look at 
her again through the ſame Tube, and ſhe will fil 
it juſt as much, if not more, than the did at her 
riſing. F eo g, 1 
189. When the full Moon is in perige, or at 


1 2 th 28 


£4 on 


a larger Angle, and mult therefore appear bigger 5 
than when ſhe is full at other times: and if that 


Ar 


replete with Vapours than uſual, ſhe appears ſo 3 
be ſtill the bigger, by referring her to an unuſually 


are very far diſtant can appear big unleſs they be 1 
really ſo. MW 9 Y 


C H A P. IX. 


3 © — — 2 ©; — 2 


Moon, and Planets. 


190. THosE who have not learnt how wf 
take the * Altitude of any Celeſtial 


| 4 an 

* The Altitude of any celeſtial Object is an arc of the 
Sky intercepted between the Horizon and the Object. Iii 
Fig. VI. of Plate II. let HOX be a horizontal line, ſuppoſed 
to be extended from the eye at A to X, where the Sky and 
Earth ſeem to meet at the end of a long and level plain; and let 
S be the Sun. The are XY will be the Sun's height above 
the Horizon at X, and is found by the inſtrument ECD, which 


1 or degrees on it's limb DPC; and has a couple of little 
raſs plates, as @ and 6, with a ſmall hole in each of them, 
called Sight. Holes, for looking through, parallel to the edge of 


one end of a thread F, called the Plumb Line, which has a ſmall 


.. as %» oats - ai wood as O£A>_ hos aw iam kc... tam to of aus cine Oh 


weight or plummet P fixed to it's other end. Now, if an ob- 
ſerver holds the Quadrant upright, without inclining it t 
FF | | either 


— 


qual 
little 


JEM, 


re of 
fixed 
ſmall 
ob- 
it to 
1thet 
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any thing of Plain Trigonometry, may paſs over PLATE 
the firſt Article of this ſhort Chapter, and take the 
Aſtronomer's word for it, that the diſtances of the 
Sun and Planets are as ſtated in the firſt Chapter 
of this Book. But, to every one who knows how 
to take the Altitude of the Sun, the Moon, or a 
Star, and can ſolve a plain right-angled Triangle, 
the following method of finding the diſtances of 
the Sun and Moon will be eaſily underſtood. 


IV, 


Let BAG be one half of the Earth, AC it's Fig. I. 


W ſemi-diameter, S the Sun, m the Moon, and EKOL 
a quarter of the Circle deſcribed by the Moon in 
BY revolving from the Meridian to the Meridian 
again. Let CRS be the rational Horizon of an 
& obſerver at A, extended to the Sun in the Hea- 
vens; and HAO his ſenſible Horizon, extended to 
the Moon's Orbit. ALC is the Angle under which 
the Earth's ſemi-diameter AC is ſeen from the 
Moon at L, which is equal to the Angle OAL, 
@ becauſe the right lines 40 and CL which include 
both theſe Angles are parallel. ASC is the Angle 


either ſide, and fo that the Horizon at XM is ſeen through the 
ſight-holes à and 6, the plumb- line will cut or hang over the 
beginning of the degrees at o, in the edge EC; bu: if he ele- 
By vates the Quadrant fo as to look through the fight- holes at any 

part of the Heavens, ſuppoſe the Sun at S; juſt ſo many de- 
girees as he elevates the fight hole/þ above the horizont ! line 

OA, ſo many degrees by the \plumb-line cut in the limb 


CP of the Quadrant. For, Ie! the, obſerver's eye at A be in 


W the center of the celeſtial Are A (and he may be ſaid to be 
ia the center of the Sun's apparent d.urnal Orbit, let him be 


on what part of the Earth he will) in which Arc the Sun is 
at that time, ſuppoſe 25 degrees high, and let the obſerver 


bod the Quadrant ſo that he may ſee the Sun through the 
| light holes; the plumb-line freely playing on the (Ju-drant 


will cut the 25th degree in the limb CP, equal to the number 
of degrees of the Sun's Altitude at the time of obſervation, 
NM. B. Whoever looks at the Sun muſt have a ſmoked glaſs. 


| before his eyes to ſave hem from hurt. The beter way is 


not to look at the Sun through the ght holes, but co hold the 
Quadrant facing the eye, at a little diftance, and ſo that the 


Sun ſhining through one hole, the ray may be ſeen to fall on 


the other. 


H 3 under 
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under which the Earth's ſemidiameter AC is ſcen 
from the Sun at &, and is equal to the Angle O4, 
becauſe the lines 40 and CRS are parallel, Now, 
it is found by obferyation, that the Angle OAL is 
much greater than the Angle OA; but OAL i; 
equal to ALC, and OAf is d to ASC, Now, 
as ASC is much leſs than ALC, it proves that the 
Earth's ſemidiameter AC appears much greater as 
ſeen from the Moon at L, than from the Sun at 
cz; and therefore the Earth is much farther from 
the Sun than from the Moon *. The Quantities 
of theſe Angles may be determined by observation 
in the following manner. 
Let a graduated inſtrument, as DAE (the larger 
the better) having a moveable Index with Sight. 
holes, be fixed in ſuch a manner, that its plane 
ſurface may be parallel to the plane of the Equa. 
tor, and its edge AD in the Meridian: ſo that 
When the Moon is in the Equinoctial, and on the 
Meridian ADE, ſhe may be Ken through the {ight- |} 
holes when the edge of the moveable index cuts 
the beginning of the diviſions at O, on the gradu- 
ated limb DE; and when ſhe is ſo ſeen, let the 
preciſe time be noted. Now, as the Moon revolves | 
about the Earth from the Meridian to the Meridian 
again in about 24 hours 48 minutes, ſhe will go a 
fourth part round it in a fourth part of that time, 
z. in 6 hours 12 minutes, as ſeen from C, that 
1s, from the Earth's center or Pole. But as ſeen 
from A, the obſerver's place on the Earth's ſur- 
face, the Moon will ſeem to have gone a quarter 
round the Earth when ſhe comes to the ſenſible 
Horizon at O; for the Index through the ſights 
of which ſhe is then viewed will be at , go de- 
grecs from D, where it was when. ſhe was ſeen at 
» Now, let the exact moment when the Moon 
is ſeen at © (which will be when ſhe is in or near 


See the Nate on § 186, 
the 
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the ſenſible Horizon) be carefully noted *, that 

it may be known in what time ſhe has gone from 

E to O; which time ſubtracted from 6 hours 12 
minutes (the time of her going from E to L) leaves The Moon's 
the time of her going from O to L, and affords an N 
ealy method for finding the Angle OAL (called wha. 
the Moon's borizontal Parallax, which is equal to 

the Angle ALC) by the following Analogy : As 

the time of the Moon's deſcribing the Arc EO is 

to 90 degrees, ſo is 6 hours 12 minutes to the 
degrees of the Arc Dd E, which meaſures the Angle 
EAL; from which ſubtract go degrees, and there 
remains the Angle OAL, equal to the Angle ALC, 

under which the Earth's ſemi-diameter AC is ſeen 

from the Moon. Now, fince all the Angles of a 
right-lined Triangle are equal to 180 degrees, or 

to two right Angles, and the ſides of a Triangle 

are always proportional to the Sines of the oppo- 


fire Angles, ſay, by the Rule of Three, as the Sine The Moon's | 


diſtance des ; 


of the Angle ALC at the Moon L is to its oppo- termines, 

ſite fide AC, the Earth's ſemi-diameter, which is 

known to be 3985 miles, ſo is Radius, viz. the 

Sine of go degrees, or of the right Angle ACL, 

to its oppoſite ſide AL, which is the Moon's diſ- 

tance at L from the obſerver's place at A on the 

Earth's ſurface ; or, ſo is the Sine of the Angle 

CAL to its oppoſite fide CL, which is the Moon's 

diſtance from the Earth's' center, and comes out 

at a mean rate to be 240, ooo miles. The Angle 

CAL is equal to what OAL wants of go degrees. 
191. The Sun's diſtance from the Earth might The Sun's 

be found the fame way, though with more dif- Te 

ficulty, if his horizontal Parallax, or the Angle OAS yet fo e- 

equal to the Angle ASC, were not ſo ſmall, as ai as 

to be hardly perceptible, being ſcarce 10 ſeconds the Moon's, 

of a minute, or the 360th part of a degree. But 


Here proper allowance muſt be made for the Refraction, 
which being about 34 minutes of a degree in the Horizon, will 
cauſe the Moon's center to appear 34 minutes above the Hori- 
2.n when her center is really in it. 
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the Moon's horizontal Parallax, or Angle O4 

eq al to the Angle ALC, is very diſcernible, being 

57 18”, or 3438” at its mean ſtate; which 5 

more than 340 times as great as the Sun's: and 
therefore, the diſtances of the heavenly bodies 

being inverſely as the Tangents of their horizontal 
Parallaxes, the Sun's diſtance f:om the Earth i; 

at leaſt 340 times as great as the Moon's; and is 

rather under rated at 81 millions of miles, when 

the Moon's diſtance 1s certainiy known to be 249 

| thouſand. But becauſe, according to ſome Altrq- 
nomers, the Sun's horizontal Parallax is 11 ſe- 
conds, and according to others only 10, the former 
Parallax making the Sun's diſtance to be about 
55,000,000 of miles, and the latter 82,000,000; 

we may take it for granted, that the Sun's diſtance 

is not I: ſs, than as deduced from the former, nor | 

more than as ſhewn by the latter: and every one 

- who is accuſtomed to make ſuch obſeryations, 
knows how hard it is, if not impoſſible, to avoid 

an error of a ſecond ; eſpecially on account of the 
inconſtancy of borizontsd Refractions. And here, 

the error of one ſecond, in ſo ſmall an Angle, will 

make an error of 7 millions of miles in ſo great 

a diſtance as that of the Sun's. But Dr. HalLkEv 

has ſhewn us how the Sun's diſtance from the 

Earth, and conſequently the diſtances of all the 
Planets trom the Sun, may be known to within 

a coth part of the whole, by a Tranſit of Venus 

non ge, Over the Sun's Diſc, which will happen on the &th 
be truth it Of June, in the year 1761; till which time we 
le myſt content ourſelves with allowing the Sun's 
"erm" diſtance to be about 81 millions of miles, as com- 
monly ſtated by Aſtronomers. | | 

The Son 198. The Sun and Moon appear much about 
5 e the ſame bulk: And every one who underſtands 
than the Geometry, knows how their true bulks may be 
Noon. deduced from the apparent, when their real diſ- 
tances are known. Spheres ate to one another as 


the Cubes of their Diameters ; whence, if the 5 
6 


of the Sun, Moon, and Planets. 


be $1 millions of miles from the Earth, to appear 


as big as the Moon, whole diſtance does not ex- 


ceed 240 thouſand miles, he muſt, in ſolid bulk, 


he 42 millions 875 thouſand times as big as the 
Moon. 1 
193. The horizontal Parallaxes are beſt obſerved 


at the Equator 3 1. Becauſe the heat is ſo nearly 
equal every day, that the Refractions are almoſt 


conſtantly the ſame. 2. Becauſe the parallactic 
Angle is greater there, as at A (the diſtance from 
I thence to the Earth's Axis being greater) than 
upon any parallel of Latitude, as à or 6. 


194. The Earth's diſtance from the Sun being 


determined, the diſtances of all the other Planets © 


from him are eaſily found by the following ana- 


105 


The relative 

iſtances of 

he Planets 

from the 
vn ore 


ogy, their periods round him being aſcertained by known to 
obſervation. As the ſquare of the Earth's period beat rect 


round the Sun is to the cube of its diſtance from 
the Sun, ſo is the ſquare of the period of any other 
Planet to the cube of its diſtance, in ſuch parts or 
meaſures as the Earth's diſtance was taken; fee 
(111. This proportion gives the relative mean 
dittances of the Planets from the Sun to the great- 
eſt degree of exactneſs; and they are as follows, 


having been deduced from their periodical times, 
according to the law juſt mentioned, which was 
diſcovered by KEPLER, and demonſtrated by Sir 


aac NewTon *. 


' All the following calculations on the next page, except 
thoſe in the two laſt lines before 5 195, were printed in former 
tditions of this work, before the year 1761. Since that time, 


ine {id two liaes (as found by the Tranſit A. D. 1761.) were 


Kd:d; and alſo $ 195. 


Periogical 


fon, though 
their real 
diſtances are 
not well 
Known. 
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106 The Periods and Diſtances of the Planets. 
Periodical Revolutions to the ſame fixed Star in days and dag. 
mal parts of a day. 

Mercury Venus The Earth Mars Jupiter Saturn 
87.9692 224.6176 365.2564 686.9985 4332,514 10759. 27 
Relative mean diflances frem the Sun, | 

- $8710 72333 100000 152369 5 20095 054006 
From theſe numbers aue detuce, that if the Sun's horizontal Parallax be 10.” 
the real mean di//ances of the Planets from the Sun in Engliſh miles are 
137,742,200 59,313,060 82,000,000 124 942,680 426,478,720 782, 284,920 
But if the Sun's Parallax be ii, their diſtances are no more than 


e 8 
rodv 
hut a 
tle 

RAD 
0 4 { 
erce 
das (1M 


29.032, 500 : $4,238,570 : 7 5,020,000 114.276,50 390 034,500 T15,504,5% eme 
Errors in diſtance ariſing from the miſtake of i in the Sun's H arallax. 

2,7c 9,70 55074, 400 7,000,000 16, 66 6,8 30 36,444, 220 66, 59,426 allax 

But, from the late Tranſit of Venus, A. D. 1761, the Sun's Parallax 45 nd e 

pears to be only 8 ; and according to that, their real diſtances in mil mes 

36,841,465 68,891,486 95,173,127 145,014,143 494,990,976 907,956,130 leſt 

5 And their diameters, in miles, are | f th 

es OE > CI . EIS, 77.990 o me 

195. Theſe numbers ſhew, that although vel Jlainl 

have the relative diſtances of the Planets from the edi 


Sun to the greateſt nicety, yet the beſt obſerven *? 
could not aſcertain their true diſtances, until the! 
late long-wiſhed for Tranſit appeared, which vun 

muſt confeſs was embarraſſed with ſeveral difficu '* 

ties. But there will be another Tranſit of Ven n 

LOW! 


over the Sun on the third of June, 1769, much 
better ſuited to this great Problem. — We wiſh th 

Sky may be clear at all Places of obſervation, ſince 

there will not be ſuch an opportunity again in less 

than 105 years afterward. ; | 

196. The Farth's Axis produced. to the Stars 

being carried“ parallel to itſelf during the Earth's 
annual revolution, deſcribes a circle in the Sphere 

of the fixed Stars equal to the Orbit of the Earth. 
Why thece- But this Orbit, though very large, would ſeem ne 
leſtial holes bigger than a point if it were viewed from the 
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ſeem to keep | ; E ths . | 
aul in the Stars; and conſequently, the circle deſcribed in ie Sy 
ſame points Lt | 5 nd 5 
of the Hea= * Ry this is meant, that if a line be ſuppoſed to be dra to 


withAang, Parallel to the Earth's: Axis in any part of its Orbit, the Ax! 
ing the kecps parallel to that line in every other part of its Orbit: as N 
Earth's mo- Fig, I, of Plate V; where a6cdcfe45 reprelents the Earth's Orvi 
tion round jn an oblique view, and Ns the Earth's Axis keeping away 


the Sun. parallel to the line MN, 
* th 8 
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0 1 
vide 


— 


Lon 


The amazing Velocity of Light. 


e Sphere of the Stars by the Axis of the Earth 
roduced, if viewed from the Earth, muſt appear 
ut as a point; that is, its diameter appears too 
Fre to be Meaſured by obſervation ; for Dr. 
e aDLEY has aſſured us, that if it had amounted 
) a ſingle ſecond, or two at moſt, he ſhould have 
erceived it in the great number of obſervations he 
as made, eſpecially upon Draconis; and that it 
emed to him very probable. that the annual Pa- 
allax of this Star is not ſo great as a ſingle ſecond ; 
nd conſequently, that it is above 400 thouſand. 
imes farther from us than the Sun. Hence the 
eſtial poles ſeem to continue in the ſame points 
f the Heaven throughout the year; which by 
o means diſproves the Earth's annual motion, but 
plainly proves the diſtance of the Stars to be ex- 
ding. green OF Rat ty 
197, The ſmall apparent motion of the Stars, 
(113, diſcovered by that great Aſtronomer, he 
ound to be no ways owing to their annual Parallax 
for it came out contrary thereto), but to the Aber- 
tion of their light, which can reſult from no 
own cauſe beſides that of the Earth's annual 
otion; and as it agrees ſo exactly therewith, it 
roves beyond diſpute that the Earth has ſuch a 
notion : for this Aberration completes all its va- 
ous Phenomena every year; and proves that the The amae- 


ing velocity 


tlcity of ſtar-light is ſuch as carries it through a of light, 
pace equal to the Sun's diſtance from us in 8 mi- 
nes 13 ſeconds of time. Hence, the velocity of 
gut is * 10 thouſand 210 times as great as the 
th's velocity in its Orbit; which velocity (from 
lat we know already of the Earth's diſtance from 
ie dun) may be aſſerted to be at leaſt between 57 
ud 58 thouſand miles every hour: and ſuppoſing 
[to be 58000, this number multiplied by the 
N10, gives 592 million 180 thouſand miles for 
e hourly motion of Light: which laſt number 
ded by 3600, the number of ſeconds in an 


- * Su1TH's Optics, 5 1197. 
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PLATE hour, ſhews that Light flies at the rate of my 
I | . 1261 
than 164 thouſand miles every ſecond of time 

wing of a common clock pendulum. 


CHAP. X. 
The Circles of the Globe deſcribed. The diffow 
lengths of days and nights, and the viciſſiuudes q 


ſeaſons, explained The explanation of the Phey 
mena of Saturn's Ring concluded. (See & 81 and 82 


» 0 


Cirelesof 198. ] F the reader be hitherto unacquainted wit 
de Sphere I the principal circles of the Globe, he ſhoul 
now learn to know them; which he may do ſuff 
ciently for his preſent purpoſe in a quarter of a 

2 50 hour, if he ſets the ball of a terreſtrial Globe be 
Fi. 11. fore him, or looks at the Figure of it, wherei 
theſe circles are drawn and named. The Equaturi 

that great circle which divides the northern half 0 

the Earth from the ſouthern, The Tropics are leſk 
circles parallel to the Equator, and each of them 

23; degrees from it; a degree in this ſenſe being 

- the 360th part of any great circle which divide 

the Earth into two equal parts. The Tropic « 

Cancer hes on the north ſide of the Equator, and 

the Tropic of Capricorn on the ſouth. The Ard 
Kirele has the North Pole for its center, and is jul 
Equator, AS far from the North Pole as the Tropics are tron 
pee, Or, the Equator: and the Antarfic Circle (hid by tht 
cles, and ſuppoſed convexity of the Figure) 18 juſt as far fron 
Poles. the South Pole, every way round it. Thele Pol 
Fig. II. are the very north and ſouth points of the Globe 
and all other places are denominated northwars 0 
ſouthward, according to the {ide of the Equato 

they lie on, and the Pole to which they are nearell 
'Earth'® The Earth's Axis is a ſtraight line paſſing throug 
. the center of the Earch, perpendicular to tl 
Equator, and terminating in the Poles at its ful 
face. This, in the real Earth and Planets, is on 
an imaginary line; but in artificial Globes ar-P\a 
nets it is a wire by which they are ſupported, al 
; turne 


* 
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rned round in Orreries, or ſuch like machines, PLATE 


wheel-work. The circles 12. 1. 2. 3. 4, &c. 


e Meridians to all places they paſs through; and Meridians. 


e muſt ſuppoſe thouſands more to be drawn, be- 


zuſe every place that is ever to little to the eaſt or 


eſt of any other place, has a different meridian 
rom that other place. All the Meridians meet in 
he Poles z and whenever the Sun's center is paſſing 
ver any Meridian, in his apparent motion round 
he Earth, it is mid-day or noon to all places on 
hat Meridian. 

199, The broad Space lying between the Tro- 
ics, like a girdle ſurrounding the Globe, 1s called 


he 1orrid Zone, of which the Equator is in the mid- Zones. 


Ile, all around. The Space between the Tropic of 
ancer and Arctic Circle is called the North tem- 
erate Zone. That between the Tropic of Capri- 


orn and the Antarctic Circle, the South temperate 


Zone. And the two circular Spaces bounded by the 


Polar Circles are the two Frigid Zones; denomi- 


ated n:7th or fouth, from that Pole which is in the 
enter of the one or the other of them. 


200. Having acquired this eaſy branch of know- 
edge, the learner may proceed to make the fol- 
owing experiment with his terreſtrial ball ; which 
vil give him a plain idea of the diurnal and an- 
nual motions of the Earth, together with the dif- 
erent lengths of days and nights, and all the beau- 
ful variety of ſeaſons, depending on thoſe mo- 
ons. | 

Take about ſeven feet of ſtrong wire, and bend 
It into a circular form, as abcd, which being viewed 


lace a lighted candle on a table, and having fixed 
Imall terreſtrial Globe H, about three inches dia- 


cle, fo that it may be parallel to the table, 
6 high as the flame of the candle /, which ſho 


Fig. III. 

: ag; 0 . A pleaſing 

dbliquely, appears elliptical as in the Figure. experiment, 
ſh: wing the 

| different 

ne end of a ſilk thread &, to the north pole of _lengthoof 

avs ac 

Kine Gy and 


meter, cauſe another perſon to hold the wire tbe variety 
and of ſeaſons. 


uld 
be 
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be in or near the center. Then, having twit,ular!) 
the thread as towards the left hand, that by un ne, 
twiſting it may turn the Globe round eaſtward, Mill be 
contrary to the way that the hands of a wap | 
move; hang the Globe by the thread within Her { 
circle, almoſt contiguous_to it; and as the threyWpolar 
untwiſts, the Globe (which is enlightened hu orte: 
round by the candle as the Earth is by the Suff olar 
will turn round its Axis, and the different pla t to 
upon it will be carried through the light and dai the 
Hemiſpheres, and have the appearance of a regui G1 
ſucceſſion of days and nights, as our Earth has! lark: 
reality by ſuch a motion. As the Globe turm old 
move your hand ſlowly, ſo as to carry the Glob rings 
round the candle according to the order of Harth 
letters abcd, keeping its center even with the virbit, 
circle; and you will perceive, that the cand. the 
being ſtill perpendicular to the Equator, will en. Path, 
lighten the Globe from pole to pole in its who") © 
motion round the circle; and that every place o nd im 
the Globe goes equally through the light and tb ie 
dark, as it turns round by the untwiſting of torte 
thread, and therefore has a perpetual Equino ek. 
The Globe thus turning round repreſents the heir C 
Earth turning round it's Axis; and the motion o m. 
the Globe round the candle repreſents the Earth dual 
annual motion round the Sun, and ſhews, that iH But 
the Earth's Orbit had no inclination to its Axis, aur! 
the days and nights of the year would be equal mn 
long, and there would be no different ſeaſons kn. 
But now, deſire the perſon who holds the wire Md re 
hold it obliquely in the poſition ABCD, railing Jaces 
the ſide es juſt as much as he depreſſes the (ids 
, that the flame may be till in the plane of the 
circle; and twiſting the thread as before, that the 
Globe may turn round it's Axis the fame way as 
you carry it round the candle; that 1s, from we 
to eaſt, let the Globe down into the lowermoil 
part of the wire circle at , and if the circle be 
| properly inclined, the candle will ſhine 2 
| 5 5 cularh 
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bone, lying within the ar#ic or north polar Circle, 
l be all in the light, as in the Figure; and will 
eep in the light let the Globe turn round its Axis 
yer ſo often, From the Equator to the north 
olar Circle all the 


lar Circle juſt the reverſe. The Sun does not 
t to any part of the north frigid Zone, as ſhewn 


ark : and at the ſame time the ſouth frigid Zone is 
nvolved in darkneſs, and the turning of the Globe 
rings none of its places into the light. If the 
arth were to continue in the like part of its 
rbit, the Sun would never ſet to the inhabitants 
the north frigid Zone, nor riſe to thoſe of the 
buth. At the Equator it would be always equal 
y and night; and as places are gradually more 
nd more diſtant from the Equator, towards the 
chic Circle, they would have longer days and 


ie Equator would have their nights longer than 
heir days. In this caſe there would be continual 
ummer on the north ſide of the Equator, and con- 
nual winter on the ſouth ſide of it. | 

Bat as the Globe turns round its Axis, move 
bur hand ſlowly forward, ſo as to carry the Globe 
tom H towards E, and the boundary of light and 
akneſs will approach towards the north Pole, 


laces will go through leſs and leſs of the light, 


it; ſhewing how the northern days. decreaſe in 


a higheſt parts of its Orbit; the candle is di- 
ly over the Equator, the boundary of light 
d darkneſs juſt reaches to both the Poles, and 

| | all 


warly on the Tropic of Cancer, and the frigid 


places have longer days and 
borter nights; but from the Equator to the ſouth 


y the candle's ſhining on it, fo that the motion of 
he Globe can carry no place of that Zone into the 


borter nights; whilſt thoſe on the ſouth ſide of 


id recede towards the ſouth Pole; the northern 


Id the ſouthern places through more and more 


111 


ummer 


olſtice. 


gh, and the ſouthern days increaſe, whilſt the 
lube proceeds from H to E. When the Globe Autumnat | 
t E, it is at a mean ſtate between the loweſt Tuner. 
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Winter 
Sol ſtice. 


Vernal 
Equinox. 


ſtill farther into the dark Hemiſphere, and the nave 


Globe comes nearer to gs: and when it comes 


nights at the longeſt, in the northern Hemiſphere] 


through the quarter B, the north Pole advance 


as formerly: and the north Pole will be jul 


the Fquator, which is always equally cut by d 
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all places on the Globe go equally through the 
light and dark Hemiſpheres, ſhewing that . 2C 
days and nights are then equal at all places of t,"*"© 
Earth, the Poles only excepted ; for the Sun i, aher 
then ſetting to the north Pole, and riſing to elne 
ſouth Pole. „ 

Continue moving the Globe forward, and x; f conſi 
goes through the quarter 4, the north Pole recede e 


it wi 
held 
there at E, the candle is directly over the Tropic Hori 


| A. 
of Capricorn, the days are at the ſhorteſt, a» 5 
or 


lar tc 
inclir 
pend 
gene! 
ingen 
Plant 


ſouth Pole advances more into the light, as th 


all the way from the Equator ns arctic Circle 
and the reverſe in the fouthern Hemiſphere fron 
the Equator to the antarctic Circle; within which 
Circles it is dark to the north frigid Zone, and 
an ö 
Continue both motions, and as the Globe move 


20 
It's a 
Oroi 
inclin 
the p 
Ique 
Or, a 
to iti 


towards the light, and the ſouth Pole recedes to 
wards the dark; the days lengthen in the norther 
Hemiſphere, and ſhorten in the ſouthern ; and 
when the Globe comes to G, the candle will bu 
again over the Equator (as when the Globe wa 
at E) and the days and nights will again be equ 


coming into the light, the ſouth Pole going oute 


| Thus we ſee the reaſon why the days lengthe 
and ſhorten from the Equator to the polar Circle 
every year; why there is ſometimes no day or nig 
for many turnings of the Earth, within che pol 
Circles; why there is but one day and one nig 
in the whole year at the Poles; and why the day 
and nights are equally long all the year round 


circle bounding light and darkneſs. 
a» g 201. Th 


Of the different Seaſons. 


201. The inclination of an Axis or Orbi 
merely relative, becauſe we compare 1t with ſome 
other Axis or Orbit which we conſider as not in- 
dined at all. Thus, our Horizon bei 
vs, whatever place of the Earth we ar 
conſider it as having no inclination; a 


/ 


level to 
pon, we 
yet, if 


113 


. 18 Remark, 


we travel go degrees from that place, we ſhall then Fig. III. 


have an Horizon perpendicular t 


Planets as inclined to it, & 20. 


202. Let us now take a view of the Earth in 
It's annual courſe round the Sun, conſidering it's 
Orait as having no inclination; and it's Axis as 
nclining 234 degrees from a line perpendicular to 
the plane of it's Orbit, and keeping the ſame ob- 
Ique direction in all parts of it's annual courſe; 


15 former; but 
it will ſtill be level to us. And if this Book be 
held ſo that the“ Circle 450 be parallel to the 
Horizon, both the Circle abcd, and the Thread 
or Axis K, will be inclined to it. But if the Book 
or Plate be held ſo that the Thread be perpendicu- 
lar to the Horizon, then the Orbit ABCD will be 
inclined to the Thread, and the Orbit abcd per- 
pendicular to it, and parallel to the Horizon. We 
generally conſider the Earth's annual Orbit as hav- 


ing no inclination, and the Orbits of all the other 


or, as commonly termed, keeping always parallel 


b itſelf, & 196. 


Let 4, l, c, d, e f. g, h be the Earth in eight different pi. ATE v. 


parts of it's Orbit, equidiſtant from one another; ie I. 


Ns it's Axis, N it's north Pole, 5s it's ſouth Pole, 
nd $ the Sun nearly in the center of the Earth's 
Urbit, F 18. As the Earth goes round the Sun 


* All Circles appear elliptical in an oblique view, as is evi- 
dent by looking obliquely at the rim of a baſon. For the true 
igue of a Circle can only be ſeen when the eye is directly over 
ts center, The more obliquely it is viewed, the more ellip- 
heal it appears, until the eye be in the lane plane with it, 


ud then it appears like a ſtraight line. 
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PLATEV. according to the order of the letters abcd, &c. | 
Axis Ns keeps the ſame obliquity, and is (jj 

A conciſe_ parallel to the line MNs. When the Earth is x 
view of the a, it's north Pole inclines towards the Sun &, and 
brings all the northern places more into the light 
. than at any other gime of the year. But when the 
Earth is at e in the oppoſite time of the year, the 

north Pole declines from the Sun, which occaſions 

the northern places to be more in the dark than in 

the light; and the reverſe at the ſouthern places 

as is evident by the Figure, which I have taken 

from Dr. Lox cd's Aſtronomy. When the Earth 

is either at c or g, it's Axis inclines not either tg 

or from the Sun, but hes ſidewiſe to him; and 

then the Poles are in the boundary of light and 
darkneſs; and the Sun, being directly over the 

_ Equator, makes equal day and night at all places 
When the Earth is at 3, it is half-way between 

the Summer Solſtice and Harveſt Equinox; when 

it is at d, it is half-way from the Harveſt Equinox 

to the Winter Solſtice; at 7, half-way from the 

Winter Solſtice to the Spring Equinox; and at by 
half-way from the Spring Equinox to the Sum- 
CC I, „ 
Fig.11, 203. From this oblique view of the Earth'g 
Orbit, let us ſuppoſe ourſelves to be raiſed far above 

it, and placed juſt over it's center &, looking down 
upon it from it's north Pole; and as the Earih'y 

Orbit differs but very little from a Circle, we {hall 

have it's figure in ſuch a view repreſented by th 

Circle ABCDEFGH. Let us ſuppoſe this Circle 

to be divided into 12 equal parts, called Sign 
having their names affixed to them; and eac 

Sign into 30 equal parts, called Degrees, numbered 

The fexfons 10, 20, 30, as in the outermoſt Circle of td 
fhewnin Figure, which repreſents the great Ecliptic in thi 
eo the Heavens. The Earth is ſhewn in eight differen 
Ear:h and poſitions in this Circle, and in each poſition A ! 
n+ Orb. the Equator, 7 the Tropic of Cancer, the 2 e 
ir e tha 
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irele the parallel of London, U the arctic or north 
-olar Circle, and P the north Pole, where all the 
eridians or Hour-Circles meet, $ 198. As the 
arth goes round the Sun, the north Pole keeps 
onſtantly towards one part of the Heavens, as it 
eps in the Figure towards the right-hand ſide of 
the Plate, : | 

When the Earth is at the beginning of Libra, 
amely on the 20th of March, in. this Figure (as 


he Equator ; which, together with the Tropic of 


Iarkneſs, coinciding with the ſix o'clock hour 
ircle, and therefore the days and nights are 
qually long at all places : for every part of the 
eridian AT La comes into the light. at ſix in the 


d the order of the hour-letters, goes into the dark 
t ſix in the evening, There are 24 Meridians or 
our-Circles drawn on the Earth in this Figure, to 
ey the time of Sun- riſing and ſetting at different 
aſons of the year, 
As the Earth moves in the Ecliptic according 
the order of the letters ABCD, &c. through 
e Signs Libra, Scorpio, and Sagittarius, the 
oth Pole P comes more and more into the lig 
ie days increaſe as the nights decreaſe in length, 
all places north of the Equator ; which is 
lain by viewing the Earth at þ on the 5th ot May, 
hen it is in the 15th degree of Scorpio}, and 


Here we muſt ſuppoſe the Sun to be no bigger than an or- 
ary point (as .) becauſe he only covers a Circle half a de- 


(«a whole ſign at once from the Earth, 
f Here we muſt ſuppoſe the Earth to be a much ſmaller 
ut than that in the preceding note marked for the Syn. 


12 the 


tg in Fig. I. the Sun & as ſeen from the Earth 
ppears at the beginning of Aries. in the oppoſite Verna 


ancer, parallel of London, and arctic Circle, are 
| equally cut by the Circle bounding light and 


porning, and revolving with the Earth according 


ght; 


ee in diameter in the Heavens; whereas in the Figure he 
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art of the Heavens *, the north Pole is juſt E9vinex, 
oming into the light, and the Sun is vertical to 
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PLATE v. 


Fig. II. 


Son, ſo as to bring all the north frigid Zone inte 


more into the light than the dark from the Equa 


Summer 
Solſtice. 


Autumnal 
| Equinox, 


the Sun as ſeen from the Earth appears in the 
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I 5th degree of Taurus. For then, the Tropie d 
Cancer T 1s in the light from a little after five oli 
the morning till almoſt ſeven in the evening; th 
parallel of London from half an hour paſt tour til 
half an hour paſt ſeven; the polar Circle U fron 
three till nine; and a large track round the north 
Pole P has day all the 24 hours, for many rote 
tions of the Earth on it's Axis, 

When the Earth comes to c, at the beginniny 
of Capricorn, and the Sun as ſeen from the Fan 
appears at the beginning of Cancer, on the 21 
of June, as in this Figure, it is in the poſition ; 
in Fig. I.; and it's north Pole inclines towards thi 


the light, and the northern parallels of Latitud 


tor to the polar Circle: and the more ſo as the 


are farther from the Equator. The Tropic of 20 


Cancer is in the light from five in the morning Iique 
till ſeven at night, the parallel of London from! varal 
quarter before four till a quarter after eight; an th 
the polar Circle juſt touches the dark, fo that mot 
Sun has only the lower half of his Difc hid fro ring, 
the inhabitants on that Circle for a few minule ten 
about midnight, ſuppoſing no inequalities in sun, 
Horizon, and no Refractions. CE. Eart 

A bare view of the Figure is enovgh to ſne. Nr neee 
that as the Earth advances from Capricorn towarc toge 

Aries, and the Sun appears to move from Cance pe 
towards Libra, the north Pole recedes towards i Pole 
dark, which cauſes the days to decreaſe, and ti sun 
nights to increaſe in length, till the Earth come ppc 
to the beginning of Aries, and then they are equi nde. 
as before; for the boundary of light and darkne nor 
cuts the Equator and all it's parallels equally, M kant 
in halves, The north Pole then goes into t1M::ji, 
dark, and continues therein untif the Earth go cin 


half way round it's Orbit; or, from the 23d 0 
September till the 2oth of March. In the middig 
5 . betweel 
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tween theſe times, viz. on the 22d of December, 
he north Pole is as far as it can be in the dark, 
hich is 234 degrees, equal to the inclination of winter 8el- 
Ile Earth's Axis from a perpendicular to it's ſtice. 
Orbit: and then, the northern parallels are as 
uch in the dark as they were in the light on the 
viſt of June; the winter nights being as long as 

he ſummer days, and the winter days as ſhorr as 

he ſummer nights. It is needleſs to enlarge far- 
ther on this ſubject, as we ſhall have occaſion to 
mention the ſeaſons again in deſcribing the Orrery, 
439. Only this muſt be noted, that all that 

as been ſaid of the northern Hemiſphere, the 
ontrary muſt be underſtood of the ſouthern; for 

on different ſides of the Equator the ſeaſons are 
contrary, becauſe, when the northern Hemiſphere 
nclines towards the Sun, the ſouthern declines 
from him. Ig Lye 


204. As Saturn goes round the Sun, his ob- The phenos 
Iquely poſited ring, like our Earth's Axis, keeps weng of Sa- 
parallel ro itſelf, and is therefore turned edgewiſe 80 
to the Sun twice in a Saturnian year, which is al- 

moſt as long as 30 of our years, § 81. But the 

10g, though conſiderably broad, is too thin to be 

ken by us when it is turned edgewiſe to the 

dun, at which time it is alſo edgewiſe to the 

Earth; and therefore it diſappears once in every 


"fifteen years to us. As the Sun ſhines half a year 
| together on the north Pole of our Earth, then dif- 
ppears to it, and ſhines as long on the ſouth 


Pole: ſo, during one half of Saturn's year, the 
dun ſhines on the north ſide of his ring, then diſ- 
appears to it, and ſhines as long on it's ſouth 
ide, When the Earth's Axis inclines neither to 
nor from the Sun, but ſidewiſe to him, he in- 
lantly ceaſes to ſhine on one Pole, and begins to 
enlighten the other; and when Saturn's Ring in- 
lllnts neither to nor from the Sun, but ſidewiſe 
13 to 
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PLATEV. to him, he ceaſes to ſhine on the one fide of it, and 
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: begins to ſhine upon the other. to ille 

rig, Ul. Let & be the Sun, ABCDEFGH Saturn's Orb. 20 

and IKLMNO the Earth's Orbit. Both Satun the « 

| and the Earth move according to the order of vic 
1 letters, and when Saturn is at A his ring is turned of tt 
| edgewiſe to the Sun 5, and he is then ſeen fron muc! 
the Earth as if he had loſt his ring, let the Ear time 

be in any part of it's Orbit whatever, except be. pear 

tween V and O; for whilſt it deſcribes that ſpace, i 10m! 

Saturn is apparentiy ſo near the Sun as to be hu in w 


1 in his beams. As Saturn goes from A to C, his 
riſing appears more and more, open to the. Earth: 
at C the ring appears moſt open of all; and ſeems 

to grow narrower and narrower as Saturn goes 
from C to E; and when he comes to E, the ring 


1 is again turned edgewiſe both to the Sun and me: 
Earth; and as neither of it's ſides are illuminated and 
Fi it is inviſible to us, becauſe it's edge is too thin Ml not 
i to be perceptible : and Saturn appears again as if But 
1 he had loft his ring. But as he goes from E inv 
| E, his ring opens more and more to our view on tha! 
0 the under fide; and ſeems juſt as open at G as it mu 
1 was at C; and may be ſeen in the night- time from we 
the Earth in any part of it's Orbit, except about few 
| M, when the Sun hides the Planet from our vies. cor 
'1 As Saturn goes from & to 4, his ring turns more nig 
1 and more edgewiſe to us, and therefore it ſeems da 
| to grow narrower and narrower; and at Ait diſ- Ind 
appears as before. Hence, while Saturn goes from pe 
A to E, the Sun ſhines on the upper ſide of his or 
ring, and the under fide is dark; and whilſt he pl; 
goes from E to A, the Sun ſhines on the under gf 
fide of his ring, and the upper fide is dark. fl 

It may perhaps be imagined that this Article 
might have been placed more properly after 9 81, ſa 
. than here: but when the candid reader conſiders W 
that all the various Phenomena of Saturn's Ring th 
2 7 depend upon a cauſe ſimilar to that of our Earth's] tt 
il. ſeaſons, he will readily allow that they are beſt ex. p 


plained 


* 
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lained together; and that the two Fig igures ſerve 8 
to illuſtrate each other. ' 
205. The Earth's Orbit being elliptical, and? The Earth 
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, earer the 1 
te Sun conſtantly keeping in it's lower Focus, Sun in wia- ; 
hic is 1,377,000 miles from the middle N in { 
of the longer Axis, the Earth comes twice _— Fa 
8 much, or 2,754,000 miles nearer the Sun at one . 
WE time of the year than at another: for the Sun ap- 


pearing under a larger Angle in our winter than 4 
ſummer, proves that the Earth is nearer the Sun | 4 
in winter (/ee the Note on Article 185). But here 15 
this natural queſtion will ariſe, Why have we not 45 
the hotteſt weather when the Earth is neareſt the 1 
Sun? In anſwer it muſt be obſerved, that the ex- Why be MW 


centricity of the Earth's Orbit, or 1 million 37% veatheris 
„coldeſt when 45 
miles, bears no greater proportion to the Earth's che Earth is WW 
mean diſtance from the Sun than 17 does to 1000 get the * 
and therefore this ſmall difference of diſtance can- HY 
not occaſion any great difference of heat or cold. 1 
1 


But the principal cauſe of this difference is, that 1 


in winter the Sun's rays fall ſo obliquely upon us, WH 
that any given number of them is ſpread over a 1 
much greater portion of the Earth's ſurface where if 
we live; and therefore each point muſt then have 1 
fewer rays than in ſummer. Moreover, there 1 
comes a greater degree of cold in the long winter ' ſl 
nights, than there can return of heat in ſo ſhort 54.0 
days; and on both theſe accounts the cold muſt 91 
increaſe. But in ſummer the Sun's rays fall more 1 
perpendicularly upon us, and therefore come with 9 | 
greater force, and in greater numbers on the ſame 4 4 
place; and by their long continuance, a much 1 
greater degree of heat is imparted by day than can 1 
by off by night. 4 

206. That a greater number of rays fall on the 4 
ame place, when they come perpendicularly, than 1. 
when they come obliquely on it, will appear by 41 


the Sun's rays falling on CD (which, let us ſup- 


ey to be London) on the 2 1ſt of June: but, on 


the Figure, For, let AB be a certain number of rig. u. | « 
I 4 the 
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the 22d of December, the line CD, or London, ha; 
the oblique poſition Cd to the ſame rays; and 
therefore ſcarce a third part of them falls upon it, 
or only thoſe between A and e; all the reſt eB be. 
ing expended on the ſpace 4P, which is more than 
double the length of CD or Cd. Beſides, thoſe 
parts which are once heated, retain the heat for 


ſome time; which, with the additional heat daily 


imparted, makes it continue to increaſe, though 
the Sun declines towards the ſouth : and this is the 
reaſon why Fuly is hotter than June, although the 
Sun has withdrawn from the Summer Tropic; as 
we find it is generally hotter at three in the after. 
noon, when the Sun has gone towards the weſt, 
than at noon when he is on the Meridian, Like- 
wiſe, thoſe places which are well cooled require 
time to be heated again : for the Sun's rays do not 
heat even the ſurface of any body till they have 
been ſome time upon it. And therefore we find 
January for the moſt part colder than December, 
although the Sun has withdrawn from the winter 
Tropic, and begins to. dart his beams more per- 
pendicularly upon us, when we have the poſition 
CF. An iron bar is not heated immediately upon 
being put into the fire, nor grows cold till ſume 
time after it has been taken out. 


C KA 


T he Method of finding the I ongitude by the Eclipſes 


of Fupiter's Satellites: The amazing Velocity of 
. Light demonſtrated by theſe Eclipſes. 


Firn Meri. 207. £ N Eographers arbitrarily chooſe to call the 


J Meridian of ſome remarkable place ihe 


firſt Meridian. There they begin their reckoning ; 
and juſt ſo many degrees and minutes as any other 


place is to the eaſt ward or weſtward of that Meri- 


| dian, ſo much caſt or weſt Longitude they lay it 


has. A degree is the 360th part of a Circle, be it 
= TR | FEY great 


The Method of finding the Longitude. 


great or ſmall; and a minute the Goth part of a PLATE V. 


degree. The Engliſh Geographers reckon the 
Longitude from the Meridian of the Royal Obſer- 
vatory at Greenwich, and rhe French from the Me- 
ridian of Paris. 


208. If we imagine twelve great Circles, one Fig. It. 


of which is the Meridian of any given place, to 
interſect each other in the two Poles of the Earth, 
and to cut the Equator &Æ at every 15th degree, 
they will be divided by the Poles into 24 Semicir- 
cles which divide the Equator into 24 equal parts; 
and as the Earth turns on its Axis, the planes of 
theſe Semicircles come ſucceſſively after one ano- 


ther every hour to the Sun. As in an hour of Hour Ce- 


cles. 


time there is a revolution of fifteen degrees of the 
Equator, in a minute of time there will be a revo- 
lution of 15 minutes of the Equator, and in a 


ſecond of time a revolution of 15 ſeconds. There An tour of 
time equal 
2 G X . 0 Tug de- 
ducing mean ſolar time into degrees and minutes erees of 
motion: 


are two tables annexed to this Chapter, for re- 


of the terreſtrial Equator; and alſo for converting 
degrees and parts of the Equator into mean ſolar 
time. e x: 
209. Becauſe the Sun enhghtens only one half 
of the Earth at once, as it turns round its Axis, 
he rifes to ſome places at the ſame moments of ab- 
lolute Time when he ſets to others; and when it is 
mid-day to ſome places, it is mid- night to others. 
The XII on the middle of the Earth's enlightened. 
de, next the Sun, ſtands for mid-day ; and the 
oppoſite XII on the middle of the dark fide, for 
mid-night. If we ſuppoſe this Circle of hours to 
be fixed in the plane of the Equinoctial, and the 
Earth to turn round within it, any particular Me- 
ndian will come to the different hours ſo, as to ſhew 
the true time of the day or night at all places on 
tat Meridian, Therefore, 
210. To every place 15 degrees eaſtward from 
ay given Meridian, it is noon an hour ſooner than 
vn that Meridian, becauſe their Meridian comes 
| | | to. 
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to the Sun an hour ſooner : and to all places Is 
degrees weſtward, it is noon an hour later, $ 200, 
becauſe their Meridian comes an hour later to the 
Sun; and ſo on: every 15 degrees of motion cauſ. 


| Andconſe. ing an hour's difference of time. Therefore they 


3 who have noon an hour later than we, have their 
J 


of Longi- Meridian, that is, their Longitude, 15 degrees 
Woes weſtward from us; and they who have noon an 
hour ſooner than we, have their Meridian 15 de- 

grees eaſtward from ours: and ſo for every hour's 
difference of time 15 degrees difference of Longi- 

Loan Belip-tUde, Conſequently, if the beginning or ending 
$ndingthe Of a Lunar Eclipſe be obſerved, ſuppoſe at London, 
Longitude. to be exactly at mid-night, and in ſome other place 
at 11 at night, that place is 15 degrees weſtward} 
from the Meridian of London: if the ſame Eclipſe! 

be obſerved at one in the morning at another place, 

that place is 15 degrees eaſtward from the faid 
Meridian. | mt ire 1 — oj 

211. But as it is not eaſy to determine the exact 

moment either of the beginning or ending of 2 
Lunar Eclipſe, becauſe the Earth's ſhadow through 

which the Moon paſſes is faint and il] defined 
Eclipſes of about the edges; we have recourſe to the Eclipſc 


Jupiter's 


£P ices Of Jupiter's Satellites, which diſappear fo inſtan 


much better taneouſly as they enter into Jupiter's ſhadow, and 

3 emerge ſo ſuddenly out of it, that we may fix tg 

phenomenon to a ſecond of time. The firſt or nearg 

eſt Satellite to Jupiter is the moſt advantageous fol 

this purpoſe, becauſe its motion is quicker that 

the motion of any of the reſt, and therefore its im 
merſions and emerſions are more frequent. 


212. The Engliſh Aſtronomers have calculateſ 
Tables for ſhewing the times of the Eclipſes q 
Jupiter's Satellites to great preciſion, for the Ma 
ridian of Greenwich. Now, let an obſerver, wi 
has theſe Tables with a good Teleſcope and a well 
regulated Clock at any other place of the Eart 
obſerve the beginning or ending of an e 


The Metbod of finaing the Longitude. 12 * 


one of Jupiter's Satellites, and note the preciſe mo- PLATE *. 
ment of time that he ſaw the. Satellite either im- jtve this 
merge into, or emerge out of the ſhadow, and important 
compare that time with the time ſhewn by © op 
Tables for Greenwich; then, '1 5 degrees difference 

of Longitude being allowed for every hour's dif- 

ference of time, will give the Longitude of that 

place from Greenwich, as above, F 210; and if 

there be any odd minutes of time, for every mi- 

nute a quarter of a degree, eaſt or weſt, muſt be 
allowed, as the time of obſervation is later or ear- 

lier than the time ſhewn by the Tables. Such 
Eclipſes are very convenient for this purpoſe at 

land, becauſe they happen almoſt every day ; but 

are of no ule at ſea, becauſe the rolling of the ſhip 

hinders all nice teleſcopical obſervations. 
213. To explain this by a Figure, let J be fis. I. 
Jupiter, K, L, M., N his four Satellites in their 
reſpetive Orbits 1, 2, 3, 43 and let the Earth be 


e CD ww wa 


at / (ſuppoſe in November, although that month 

ss no otherways material than to find the Earth 

hl readily in this ſcheme, where it is ſhewn in eight 
al different parts of it's Orbit). Let Q be a place nien 
on the Meridian of Greenwich, and & a place on ey 

42 ſome other Meridian eaſtward from Greenwich, | 
Let a perſon at R obſerve the inſtantaneous vaniſh- 


ing of the firſt Satellite K into Jupiter's ſhadow, 
ſuppoſe at three o'clock in the morning ; but by 
the Tables he finds the immerſion of that Satellite 
to be at mid-night at Greenwich he can then im- 
mediately determine, that as there are three hours 
difference of time between Q and R, and that R 
8 three hours forwarder in reckoning than 9. it 
muſt be 45 degrees of eaſt Longitude from the 


0 Meridian of ©, Were this method as practicable 
bea as at land, any ſailor might almoſt as eaſily, 
ad with equal certainty, find the Longitude as 
le Latitude, : 
214. Whilſt the Earth is going from C to F in rig. ii. 


= Obit, only the immerſions of Jupiter's Satel- 
ny N lites 


Py 


e 
4. a" - 


gs — 


n —— =y 


— — - - 
—— — 
* 1 


ot om — — — 
_—_— » 2 * Yr 
" . 4. * 2 * ” 47 ow 2 * * * 2 
_ - 


r.. —ł 
i. K =. 
— + anne dl 
wo no Rn 


* & 


— 3-4 


l 24 * 
"ww * " * — 
8983 Ds. * 
— * — 
1 4 8 - 


— 


— 2 
” I 
. 
— * - 


_— — — 
— = ——=— 
— , 
— — "_ 


00 — "a. 2 3 
FTT 
. ̃ 0, n.. ⅛ .. — En 

— 1 - * * * * — - — 4. S — ——__— — 


„ The Methed of finding the Longitude, 


We ſeldom lites into his ſhadow are generally ſeen; and their 
nl an emerſions out of it while the Earth goes from 6 
end ofrhe to B. Indeed, both theſe appearances may be 
of a6y of ſeen of the ſecond, third, and fourth Satellite when 
Jopiters eclipſed, whilſt the Earth is between D and E, 
ons or between G and A; but never of the firſt Sa. 
tellite, on account of the ſmallneſs of its Orbit 

and the bulk of Jupiter; except only when Ju. 

piter is directly oppolite to the Sun; that is, when 

the Earth is at g: and even then, ſtrictly ſpeak- 

ing, we cannot ſce either the immerſions or emer. 

ſions of any of his Satellites, becauſe his body 
being directly between us and his conical ſhadoy, 

his Satellites are hid by his body a few moments 

before they touch his ſhadow; and are quite | 

_ emerged from thence before we can ſee them, as 

It were, juſt dropping from him. And when the 


| ty hi 
Farch is at c, the Sun, being between it and Ju- 8 
piter, hides both him and his Moons from us. 80 


In this Diagram, the Orbits of Jupiter's Moons 
are drawn in true proportion to his diameter; but, 1 
in proportion to the Earth's Orbit, they are drawn | 


81 times too large. Wie ee 4 

Jopiter's 21g. In whatever month of the year Jupiter is n 
dong be in conjunction with the Sun, or in oppoſition to n 
Sun, or op- him, in the next year it will be a month later at Wl 
6 leaſt, For whilſt the Earth goes once round the K 
ever ver Sun, Jupiter deſcribes a twelfth part of his Orbit. 0 
eee And therefore, when the Earth has finiſhed its 
Heavens, annual period from being in a line with the Sun 0 
and Jupiter, it muſt go as much forwarder as Wil . 
Jupiter has moved in that time, to overtake him 1 

again: juſt like the minute-hand of a watch, Wi 

which muſt, from any conjunction with the hour- Wl | 

hand, go once round the dial-plate and ſomewhat Ul ; 

above a twelfth part more, to overtake the hour- ; 

hand again. 3 = . 

216; It is found by obſervation, that when tne | 

Earth is between the Sun and Jupiter, as at g, his 


Satellites 


aA 


The Motion of Lig h demonſtrated. 


gatellites are eclipſed about 8 minutes ſooner than 
they ſhould be according to the Tables: and 
when the Earth is at Bor C, theſe Eclipſes hap- 
pen about 8 minutes later than the Tables predict 


motion of Light is not inſtantaneous, fince ir 
takes about 164 minutes of time to go through a 


ſequently the particles of Light fly about 164 
thouſand 494 miles every ſecond of time, which 
is above a million of times ſwifter than the motion 
in travelling acrols the Earth's Orbit, it muſt be 
8: minutes in coming from the Sun to us; there- 


him for 84 minutes after; and if he were again 


could ſee him. | Ps 
217. To explain the progreſſive motion of 
Light, let A and B be the Earth in two different 


s 81 millions of miles, equal to the Earth's diſ- 
tance from the Sun S. It is plain, that if the 
motion of Light were inſtantaneous, the Satellite 
1 would appear to enter into Jupiter's ſhadow FF 
at the ſame moment of time to a ſpectator in A as 
to another in B. But by many years obſervations 
It has been found, that the immerſion of the 
Satellite into the ſhadow is ſeen 8+ minutes ſooner 


And ſo, as Mr. Romer firſt diſcovered, the mo- 
ton of Light is thereby proved to be progreſſive, 
and not inſtantaneous, as was formerly believed. 
It is eaſy to compute in what time the Earth 
moves from A to B; for the Chord of 60 degrees 
ot any Circle is equal to the Semi-diameter of 
that Circle; and as the Earth goes through all the 
3bo degrees of its Crbit in a year, it goes through 
v0 of thoſe degrees in about 61 days, Therefore, 


when the Earth is at B, than when it is at A. 


125 
PLATE 


* 


| them, Hence it is undeniably certain, that the 


ſpace equal to the diameter of the Earth's Orbit, 
which is 162 millions of miles in length: and con- 


of a cannon- bullet. And as light is 16% minutes The furprl« 


ſing v locity 


of Light, 


fore, if the Sun were annihilated, we ſhould ſee 


created, he would be 8+ minutes old before we 


Fig. V. 


parts of 1s Orbit, whoſe diſtance from each other 


Illuſtrated 
by a Figure. 
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' The Motion of Light demonſirated. 


if on any given day, ſuppoſe the firſt of June, the 
Earth is at A, on the firſt of Auguſt it will be at 
B: the chord, or ſtraight line AB, being equal to 
DS the Radius of the Earth's Orbit, the ſame 


with AS its diſtance from the Sun. 


218. As the Earth moves from D to C, through 
the ſide AB of its Orbit, it is conſtantly meeting 
the light of Jupiter's Satellites ſooner, which oc- 
caſions an apparent acceleration of their Eclipſes: 
and as it moves through the other half H of its 


Orbit, from C to D, it is receding from their light, 


which occaſions an. apparent retardation of their 


Eclipſes, becauſe their light is then longer before 


it overtakes the Earth. 

219. That theſe accelerations of the immerſions 
of Jupiter's Satellites into his ſhadow, as the Farth 
approaches towards Jupiter, and the retardations 


of their immerſions out of his ſhadow, as the Earth 
is going from him, are not occaſioned by any ine- | 
quality ariſing from the motions of the Satellites | 
in excentric Orbits, is plain, becauſe it affects 
them all alike, in whatever parts of their Orbits 
they are eclipſed. Beſides, they go often round 


their Orbits every year, and their motions are. no 


way commenſurate to the Earth's. Therefore, 


Phenomenon not to be accounted for from the 


real motions of the Satellites, but ſo eaſily dedu- } 
cible from the Earth's motion, and ſo anſwerable | 


thereto, muſt be allowed to reſult from it. This 


affords one very good proof of the Earth's annual 


motion. 
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220. TABLES for converting mean ſolar TIME into Degrees and 
Parts of the terreſtrial EqQuaTor ; and alſo for converting De- 
grees and Parts of the EQUaToR into mean ſolar Time. 


[TABLE . For converting Time into TaBLE II. For converting Degrees 
Degrees and Parts of the Equator. || and Parts of the Equator into Time. 
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Of Solar and Sydereal Time. 


Theſe are the Tables mentioned in the 209th 
Article, and are fo eaſy that they ſcarce require 
any farther explanation than to inform the reader, 
that if, in Table I. he reckons the columns marked 
with Aſteriſks to be minutes of time, the other 
columns give the equatoreal parts or motion in 
degrees and minutes; if he reckons the Aſteriſk 
columns to be ſeconds, the others give the motion 
in minutes and ſeconds of the Equator ; if thirds, 
in ſeconds and thirds: And if in Table II. he 
reckons the Aﬀeriſk columns to be degrees 0 
motion, the others give the time anſwering thereto 
in hours and minutes; if minutes of motion, the 
time 1s minutes and ſeconds; if ſeconds of motion, 
the correſponding time is given in ſeconds and 
thirds. An example in each cafe will make the 
whole very plain. 1 - 


EAI I. FxamPLE II. 


In 10 hours 15 mi-] I what time will 133 
nutes 24 ſeconds 20 thirds, degrees 51 minutes 5 leq 
Qu. How much of thejconds of the Equatol 
Equator revolves throughſrevolve through the Meg 
the Meridian? Aridian? | 

Beg. M. S. 

Hours 10 150 0 © 
Min. 15 P45 0 
Sec. 24 3 
Tairds 20 


— 
1 


Anſever 153 51 f Anſwer 10 18 24 


7 Of Solar and Sydereal Time. f 
re HE Stars appear to go round the Eart 1 
than ſolar 5 in 23 hours 56 minutes 4 ſeconds, ani 
— and the Sun in 24 hours: fo that the Stars gain th. 

minutes 56 ſeconds upon the Sun every day, wh 
25 | __ amounull 


4.4 
. 
N 
q 
3 
2" pi 
x 
. 
0 
i ö 
$ N 
ö 
1 P! } 
: 
* 
1 
i 7 
1 
„ 
1 
| ' 
. 
1 f . 
F 
fn 1 
5 
C 
f 
4 
- ia 
*4 Ho 
* 
i. 
=. 
. 
= 
5 
it 
7 
1 
5 
Y 
oy 
1 
* 
3s * 
{ 
\ 
4 + : 
mn 
* 
N , 
Ki 
1 1 
'Þ 
o 
* 4 
. U 
wm 
/ 4 
1 
x 
74 
7 * 
F 
7 
4 
+? 
[il | 
1 
4 
* 
N 
. 


* * 
2 —D?2&— — — 
> 


) 


* « 
: - ; a "yg : Su 1 
0 Py Y : 
. * ” Wl. lt nw A x 9 
Dot es aq yt on Ge in 36d 322 AS OO EEPIs N 1 
—_— 
1 — # 


—— — —— — 


| 


YM 


Of Solar and Sydereal Time. 


129 


amounts to one diurnal revolution in a year; and PLATE 


therefore, in 365 days as meaſured by the returns 
of the Sun to the Meridian, there are 366 days as 
meaſured by the Stars returning to it : the former 
are called Solar Days, and the latter Sydereal. 


The diameter of the Earth's Orbit is but a phy- 


ical point in proportion to the diſtance of the 
Stars; for which reaſon, and the Earth's uniform 
motion on its Axis, any given Meridian will re- 
yolve from any Star to the ſame Star again in 
every abſolute turn of the Earth on its Axis, with- 
out the leaſt perceptible difference of time ſhewn 
by a Clock which goes exactly true. 

If the Earth had only a diurnal motion, without 


an annual, any given Meridian would revolve 


from the Sun to the Sun again in the ſame quan- 
tity of time as from any Star to the ſame Star 
gain; becauſe the Sun would never change his 
place with reſpect to the Stars. But, as the Harth 


advances almoſt a degree eaſtward in its Orbit in 


the time that 1t turns eaſtward round its Axis, 
vbatever Star paſſes over the Meridian on any day 


vith the Sun, will paſs over the ſame Meridian on 
the next day when the Sun is almoſt a degree ſnort 


of it; that is, 3 minutes 56 ſeconds ſooner. If 
the year contained only 360 days, as the Ecliptic 
does 360 degrees, the Sun's apparent place, ſo far 
5 his motion is equable, would change a degree 
wrery day; and then the ſydereal days would be 


uſt 4 minutes ſhorter than the ſolar. 


III, 


Let ABCDEFGHIKLM be the Earth's Orbit, Fig. 09 


u which ir goes round the Sun every year, accord- 
ng to the order of the letters, that is, from welt to 
alt; and turns round its Axis the ſame way from 
be Sun to the Sun again in every 24 hours. Let $ 
ie the Sun, and R a fixed Star at ſuch an immenſe 


ltance, that the diameter of the Earth's Orbit 


ars no ſenſible proportion to that diſtance, Let 


n be any particular Meridian of the Earth, and 


I a given point or place upon that Meridian. 
5 | RR, 


removed from 4; and conſequently, as the Earth 


Angle ASB, and therefore any Star, which comes 
to the Meridian at noon with the Sun when the 


Earth comes to C, the point N will have the Star 


N will have the Star on its Meridian at 6 in the 


at E, the Star comes to the Meridian at 4 in the 
morning; at F, at 2 in the morning; and at GS 
the Earth having gone half round its Orbit, N 
points to the Star & at midnight, it being thell 
directly oppoſite to the Sun; and therefore, bY 
the Earth's diurnal motion, the Star comes to ting 
Meridian 12 hours, before the Sun. When ty 
Earth is, at H, the Star comes to the Meridian 4 
10 in the evening; at 7 it comes to the Meridia 
at 8, that is, 16 hours before the Sun; at K if 
hours before him; at L 20 hours; at M 22 3 ang 
at Acqually with the Sun again. 9 
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When the Earth is at A, the Sun S hides the Str 
RN, which would always be hid if the Earth never 


turns round its Axis, the point N would alway 
come round to the Sun and Star at the ſame time; 
But when the Earth has advanced, ſuppoſe a twelfth 
part of its Orbit from A to B, its motion round 
its Axis will bring the point I a twelfth part of 
a natural day, or two hours, ſooner to the Star than 
to the Sun; for the Angle NBz is equal to the 


Earth is at A, will come to. the Meridian at 10 in 
the forenoon when the Earth is at B. When the 


on its Meridian at 8 in the morning, or four hours 
ſooner than it comes round to the Sun; for it muſt 
revolve from N to u, before it has the Sun in its 
Meridian. When the Earth comes to D, the point 


morning, but that point muſt revolve fix hours 
more from N to , before it has mid-day by the 
Sun: for now the Angle ASD is a right Angle, 
and ſo is MNDu; that 1s, the Earth has advanced 
go degrees 1n its Orbit, and muſt-turn go degrees 
on its Axis to carry the point N from the Star tc 
the Sun: for the Star always comes to the Meri: 
dian when Nm is parallel to RSA; becauſe Do ig 
but a point in reſpect of RS. When the Earth 18 


eee 


90 cow oo 


Of Solar and Sydereal Time. 131 


x TABLE, ſhewing bow much of the Celeſtial Equator paſſe: : 
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PLATE 


An abſolute 
turn of the 
Earth on its 
Axis never 


finiſhes a 


the Sun again; but that the Earth requires as 
Hence, in 365 days, the Earth turns 366 times 


number of ſolar days, be the number what it will, 


Axis in a year, and if zbat turn was made the ſame 


be continual day on one ſide of the Earth, and 
continual night on the other. on 


how much of the celeſtial Equator paſſes. over the 
Meridian in any given part of a mean ſolar days 


in the 220th article, The latter part,  intitleds 
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222. Thus it is plain, that an abſolute turn of 
the Earth on its Axis (which is always completed 
when any particular Meridian comes to be paralll 
to its ſituation at any time of the day before) never 
brings the ſame Meridian round from the Sun to 


much more than one turn on its Axis to finiſh a 
natural day, as it has gone forward in that time; 
which, at a mean ſtate, is a 365th part of a Circle, 


round its Axis; and therefore, as a turn of the 
Earth on its Axts completes a ſydereal day, there 
muſt be one ſydereal day more in a year than the 


on the Earth, or any other Planet. One turn being 


loſt with reſpect to the number of ſolar days in al pe 
year, by the Planet's going round the Sun; juſt as en 


it would be loſt to a traveller, who, in going round 


the Earth, would loſe one day by following the 
apparent diurnal motion of the Sun; and conſe- 


quently would reckon one day leſs at his return 
(let him take what time he would to go round the 


Earth) than thoſe who remained all the while at 22 


the place from which he ſet out. So, if there were 
two Earths revolving equally on their Axes, and 
if one remained at A until the other had gone round 
the Sun from A to A again, that Earth which kept 
its place at A would have its ſolar and ſydereal 

days always of the ſame length; and ſo would have 
one ſolar day more than the other at its return. 
Hence, if the Earth turned but once round its 


way as the Earth goes round the Sun, there would 


223. The firſt part of the preceding Table ſhews 


and is to be underſtood the ſame way as the Table 


| Aeli- | 


Of the Equation of T ime. 5 1 


Accelerations of the fixed Stars, affords us an eaſy Tekno by 
method of knowing whether or no our clocks and coli 
watches go true: For if, through a ſmall hole in a Co wes. 
window-l{hutter, or in a thin plate of metal fixed to W em 
a window, we obſerve at what time any Star diſap- 

pears behind a chimney, or corner of a houſe, at a 

little diſtance ; and if the ſame Star diſappears the 

next night 3 minutes 56 ſeconds ſooner by the 

clock or watch; and on the ſecond night, 7 mi- 4 
nutes 52 ſeconds ſooner; the third night 11 mi- "Wa 
nutes 48 ſeconds ſooner ; and ſo on, every night, | 7:0 
as in the Table, which ſhews this difference for — 
zo natural days, it is an infallible ſign that the ma- 1 
chine goes true; otherwiſe it does not go true; and 
muſt be regulated accordingly: and as the diſap- 


— 


r 
— a 


pearing of a Star is inſtantaneous, we may depend Mo. 
on this information to half a ſecond, 1 
| 3 "Fl 
* We 0 1 
HAP. XIII. 1 

Of the Equation of Time. 1 bf 

we. 


224. HE Earth's motion on its Axis being 
perfectly uniform, and equal at all times 
of the year, the ſydereal days are always preciſely 
of an equal length; and ſo would the ſolar or na- 
tural days be, if the Earth's Orbit were a perfect 
Circle, and its Axis perpendicular to its Orbit. 
But the Earth's diurnal motion on an inclined The Sun 
Axis, and its annual motion in an elliptic Orbit, aua eng 
cauſe the Sun's apparent motion in the Heavens to on four days 
be unequal : for ſometimes he revolves from the“ e 75" 
Meridian to the Meridian again in ſomewhar leſs 
than 24 hours, ſhewn by a well-regulated clock ; 
and at other times in ſomewhat more: ſo that the. 
time ſhewn by an equal going clock and a true 
Sun-dial is never the ſame but on the 15th of 
April, the 16th of June, the 31ſt of Auguſt, and the 
24th of December. The clock, if it goes equably, 
and true all the year round, will be before the Sun 
| l from 
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Uſe of the 


Equation 


Table. 


Sun's center is on the Meridian, or when a true 
Sun, dial ſhews it to be preciſely Twelve. Thus, 


nutes 51 ſeconds beforehand with the Sun; and in 
the latter caſe, the Sun is 4 minutes 3 ſeconds faſt- 


How to 
draw a 
1id1an Lins. 


be before the clock; from the 16th of June till the 


time that ought to be pointed out by a well. regu- 


equation, as it increaſes or decreaſes. But without 


dial true. 
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from the 24th of December till the 1 th of April, 
from that time till the 16th of June the Sun will 


31ſt of Auguſt the clock will be again before the 
Sun ; and from thence to the 24th of December the 
Sun will be faſter than the clock. 

225. The Tables of the Equation of natural 
days, at the end of the following Chapter, ſhew the 


lated clock or watch, every day of the year, at the 
preciſe moment of ſolar noon; that is, when the 


on the 5th of Fanuary i in Leap-year, when the Sun 
is on the Meridian, it ought to be 5 minutes 51 
ſeconds paſt twelve by the clock: and on the 15th 
ot May, when the Sun 1s on the Meridian, the time 
by the clock ſhould be but 55 minutes 57 ſeconds | 
paſt eleven: in the former caſe, the clock is 5 mi- 


er than the clock, The column at the right hand 
of each month ſhews the daily difference of this 


a Meridian Line, or a Tranſit-Inſtrument fixed in 
the plane of the Meridian, we cannot ſet : a | Sun- 


226. The eaſieſt and moſt expeditious way of | 
drawing a Meridian Line is this: Make four or 
five concentric Circles, about a quarter of an inch 
from one another, on a flat board about a foot in 
breadth; and let the outmoſt Circle be but little 
leſs than the board will contain. Fix a pin per- 
pendicularly in the center, and of ſuch a length | 
that its whole ſhadow may fall within the inner- 
molt Circle for at leaſt four hours in the middle of 
the day, The pin ought to be about an eighth 
part of an inch thick, and to have a round blunt 


point, The board being ſet exactly level in a place 
where 
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where the Sun ſhines, ſuppoſe from eight 1 in the 
morning till four in the afternoon, about which 
hours the end of the ſhadow ſhould fall without 
Al the Circles; watch the times in the forenoon, 
when the extremity of the ſhortening ſhadow juſt 
touches the ſeveral Circles, and here make marks. 
Then, in the afternoon of the fame day, watch 


marks alſo. Laſtly, with a pair of compaſs, find 
exactly the middle point between the two marks 


at noon by the ſhadow of a ſmall upright wire, 
which ſhould be put in the place of the pin. 


caſe one part of the day ſhould prove clear, and 
the other part ſomewhat cloudy, if you miſs the 
time when the point of the ſhadow ſhould touch 


another, The beſt time for drawing a Meridian 
Line in this manner is about the ſummer ſolſtice ;z 
becauſe the Sun changes his declination loweft 
and his altitude faſteſt in the longeſt days. 
If the caſement” of a window on which the Sun 
ſhines at noon be quite upright, you may draw a 
line along the edge of its ſhadow on the floor, 
when the ſhadow of the pin is exactly on the 
Meridian Line of the board : and as the motion 
of the ſhadow-of the caſement will be much more 
ſenſible on the floor, than that of the ſhadow of 


floor; and ſo regulate your clock for the day of 
obſervation by that line and the Equation Tables 
above-mentioned, & 225. : 


between the time ſhewn by a well-regulated Clock 


and a true Sun-dial, depends upon two cauſes, 
4 namely, 


the lengthening ſhadow, and where its end touches 
the ſeveral Circles in going over them, make 


on any Circle, and draw a ſtraight line from the 
center to that point; which Line will be covered 


The reaſon for drawing ſeveral Circles is, that in 


one Circle, you, may perhaps catch it in touching 


the pin on the board, you may know to a few 
ſeconds when it touches the Meridian Line on, the 
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227. As the Equation of time, or difference Equator of 


natural days 
explaiued. 
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namely, the obliquity of the Ecliptic, and the 
unequal motion of the Earth in it, we ſhall firſt 
explain the effects of theſe cauſes ſeparately con. 
ſidered, and then the united effects reſulting from 
their combination. „ 5 
228. The Earth's motion on its Axis being 
perfectly equable, or always at the ſame rate, and 
the * plane of the Equator being perpendiculat 
to its Axis, it is evident that in equal times 
equal portions of the Equator paſs over the Meri. 
dian ; and ſo would equal portions of the Ecliptic, 
if it were parallel to or coincident with the Equa- 
„The fit tor, But, as the Ecliptic is oblique to the 
Egustien of Equator, the equable motion of the Earth carries 
time. unequal portions of the Ecliptic over the Meri. 
dian in equal times, the difference being propor- 
tionate to the obliquity; and as ſome parts of 
the Ecliptic are much more oblique than others, 
thoſe differences are unequal among themſelves, 
Therefore if two Suns ſhould ſtart either from 
the beginning of Aries or Libra, and continue to 
move through equal arcs in equal times, one in 
the Equator, and the other in the Ecliptic, the 
equatoreal Sun would always return to the Meri 
dian in 24 hours time, as meaſured by a well- 
regulated clock; but the Sun in the Ecliptic 
would return to the Meridian ſometimes ſooner, | 
and ſometimes later than the equatoreal Sun; and 
only at the ſame moments with him on four days 
of the year; namely, the 2oth of March, when 
the Sun enters Aries; the 21ſt of June, when he 
enters Cancer; the 23d of September, when he 
enters Libra; and the 21ſt of December, when he 
enters Capricorn, But, as there is only one Sun, 
and his apparent motion is always in the Ecliptic, 
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* If the Earth were cut along the Equator, quite through 
the center, the flat ſurface of this ſection would be the plane of 
the Equator ; as the paper contained within any Circle may be 
Juſtly termed the plane of that Circle. a 
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et us henceforth call him the real Sun, and the PLATE 
other, which is ſuppoſed to move in the Equator, *' 
the fictitious; to which laſt, the motion of a well- 
regulated clock always anſwers. | 

Let Zy za be the Earth, ZFRz its Axis, Fis. III. 
abcde &c. the Equator ABCDE &c. the northern 
half of the Ecliptic from 4 to - on the ſide of {50 
the Globe next the eye; and MNOP &c. the — 
ſouthern half on the oppoſite fide from & to . 14 
Let the points at A, B, C, D, E, , &c. quite 14 
round from ꝙ to again bound equal portions 1 
of the Ecliptic, gone through in equal times by "4 
the real Sun; and thoſe at a, 5, c, d, e, f, &c. Wl 
equal portions of the Equator deſcribed in equal 
times by the fictitious Sun; and let Z Y 2 be che 
Meridian. CEN ED AA Wo a nos 

As the real Sun moves obliquely in the Ecliptic, 
and the fictitious Sun directly in tne Equator, with 
reſpect to the Meridian; a degree, or any num- 
ber of degrees, between Y and F on the Ecliptic, 
muſt be nearer the Meridian Z p 2, than a de- 
oree, or any correſponding number of degrees on 
the Equator from ꝙ to /; and the more fo, as 
they are the more oblique: and therefore the 
true Sun comes - ſooner to the Meridian every day 
whilſt he is in the quadrant F, than the ficti- 
tious Sun does in the quadrant ; for which 
reaſon, the folar noon precedes noon by the Clock, 42 
until the real Sun comes to F, and the fictitious 1. 
tf; which two points, being equidiſtant from | 
the Meridian, both Suns will come to it preciſely 
at noon by the Clock. Ty: 5 

Whilſt the real Sun deſcribes the ſecond qua- 
drant of the Ecliptic FGHIKl from e to , he 
comes later to the Meridian every day, than the 
fctitious Sun moving through the ſecond quadrant 
of the Equator from F to ; for the points at } 
C, H, I, K, and L being farther from the Meri- | 
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dan than their correſponding points at g, b, i, &, 
ad /, they muſt be later of coming to it : and 4 
bot 
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both Suns come at the ſame moment to the point 
, they come to the Meridian at the moment gf 
noon by the Clock. ©. 

In departing from Libra, through the third 
quadrant, the real Sun going through MVOpg 
towards y at R, and the fictitious Nun through 
nnopꝗ towards r, the former, comes to the Meri. 
dian every day ſooner than the latter, until the 
real Sun comes to , and the fictitious. to 7, and 
then they both come to the Meridian at the ſame] 
time. 
Luaſtly, as the real Sun moves equably through 
STU, from m towards w ; and the fictitious 
Sun through stuvtw, from-r towards , the for- 
mer comes later every day to the Meridian than 
the latter, until they both arrive at the point ꝙ, 
and then they make it noon at the Jam time with 

the clock. 


. The annexed Table ſhews how much the 
8085 is faſter or lower than the clock ought to 
be, ſo far as the difference depends upon the obli- 
quity, of the Ecliptic ; of which the Signs of the 
firſt and third quadrants, are at the head of the 


— 


4 A xable ef Table, and their Degrees at the left hand; and 
4 : 8 theſe the Sun is taſter than the Clock: the 
14 pending on Signs of the ſecond and fourth quadrants are at 
Ut 8 the foot. of the Table, and their degrees at the 
1 Ecliptic, right hand; in all which the Sun is flower than 


the Clock ; ſo that entering the Table with the 
given Sign of the Sun's place at the head of the 
Table, and the Degree of his place in that Sign 
at the left hand; or with the given Sign at the 

. foot of the Table, and Degree at the right hand; 
in the angle of meeting is the number of minutes 
and ſeconds that the Sun is faſter or ſlower than 
the clock : or in other words, the quantity of time 

in which the real Sun, when 3 in that part of the 
3 Ecliptic, comes ſooner or later to the meridian 
chan the fictitious Sun in the Fatih. Thus, 
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14 when his place is es Cancer 18 degrees, he is 
minutes 2 ſeconds ſlower. Cota rt c 
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230. This 


hen the Sun's place is 8 Taurus 12 degrees, 
e is 9 minutes 49 ſeconds faſter than the clock; 
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Fig. III. perhaps be ſomewhar difficult to underſtand by 


the equal, clock-work, one always keeping in the Ecliptid 


ao - Of the Equation of Time, 


PLATE 230. This part of the Equation of time mal 


Figure, becauſe both halves of the Ecliptic ſeen 

to be on the ſame ſide of the Globe; but it mz 
be made very eaſy to any perſon who has a te 
Globe before him, by putting ſmall patches 0 
every tenth or fifteenth degree both of the Equ 
tor and Ecliptic, beginning at Aries Y; ani 
then, turning the ball flowly round weſtward, hi 
will ſee all the patches from Aries to Cancer com 

to the brazen Meridian ſooner than the corre 
ſponding patches on the Equator ; all thoſe fro 
Cancer to Libra will come later to the Meridia 
than their eorreſponding patches on the Equator 
thoſe from Libra to Capricorn ſooner, and thoſ 
from Capricorn to Aries later: and the patches a 
the beginnings of Aries, Cancer, Libra, and C. 
pricorn, being either on, or even with thoſe on thꝗ 
Equator, ſhew that the two Suns either mee 
there, or are even with one another, and ſo com 
to the Meridian at the fame moment. 
A machine 231, Let us ſuppoſe that there are two litt! 


$5 balls moving equably round e celeſtial Globe 


„ gilt with gold, to repreſent the real Sun; and 
the other keeping in the Equator, and ſilverec 
to repreſent the fictitious Sun: and that whil 
theſe balls move once round the Globe accord 
ing to the order of Signs, the Clock turns thi 
Globe 366 times round it's Axis weſtward. Tl 
Stars will make 366 diurnal revolutions from th 
braſen Meridian to it again; and the two balls re 
preſenting the real and fictitious Suns always goin 
farther eaſtward from any given Star, will com 
later than it to the Meridian every following day 

and each ball will make 365 revolutions to til 
Meridian; coming, equally to it at the beginning 
of Aries, Cancer, Libra, and Capricorn; but | 
every other point of the Ecliptic, the gilt bag 
will come either ſooner or later to the * 
F | e thaß 
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W..n the ſilvered ball, like the patches above- 
Tentioned. This would be a pretty enough way 
f ſhewing the reaſon why any given Star, which, 
na certain day of the year, comes to the Meri- 
an with the Sun, paſſes over it ſo much ſooner 
jery following day, as on that day twelvemonth 
0 come to the Meridian with the Sun again; and 
Iſo to ſhew the reaſon why the real Sun comes to 
ke Meridian ſometimes ſooner, ſometimes later, UE 
han it is noon by the clock; and, on four days #1 
ff the year, at the ſame time; whilſt the fictitious 1 
un always comes to the Meridian when it is "4 
welve at noon by the clock. This would be no 1 
lifficult taſk for an artiſt to perform; for the gold 0 
ball might be carried round the Ecliptic by a 
wire from it's north Pole, and the ſilver ball round 

the Equator, by a wire from it's ſouth Pole, by 

means of a few wheels to each; which might be 

ally added to my improvement of the celeſtial 
Globe, deſcribed in N*? 483 of the Philoſophical 
Tranſactions; and of which I ſhall give a deſcrip- 

tion in the latter part of this Book, from the third 
Figure of the third plate. W PIERS? 

232, It is plain that if the Ecliptic were more pig. rv. 
obliquely poſited to the Equator, as the dotted 
Circle M* , the equal diviſions from wv to x 

would come till ſooner to the Meridian Z W 
than thoſe marked A, B, C, D, and E do: for two 
diviſions containing 30 degrees, from ꝙ to the 

kcond dot, a little ſhort of the figure 1, come 

boner to the Meridian than one diviſion contain- 

og only 15 degrees from to A does, as the 
Ecliptic now ſtands; and thoſe of the ſecond 
Quadrant from x to = would be fo much later. 

The third quadrant would be as the firſt, and the 

burth as the ſecond. And it is likewiſe plain, 

lat where the Ecliptic is moſt oblique, namely 

bout Aries and Libra, the difference would be 
geateſt; and leaſt about Cancer and Capricorn, 

Mere the obliquity is leaft. _-- 


234. Having 
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PLATE 234. Having explained one cauſe of the gif 
The ſecond ference of time ſhewn by a well-regulated Clock 
part of the and a true Sun- dial; and conſidered the Sun, ng 
Equation of * : co 2 . 
Time, the Earth, as moving in the Ecliptic; we noy 

proceed to explain the other cauſe of this differ 
ence, namely, the inequality of the Sun's apparent 
motion, $ 205, which is ſloweſt in ſummer, whe 
the Sun is fartheſt from the Earth, and ſwifteſ j 
winter when he is neareſt to it. But the Earth? 
motion on it's Axis is equable allAhe year round 
and is performed from weſt to eaſt z which is thy 
way that the Sun appears to change his place i 
the Ecliptic. WE TR. 
235. If the Sun's motion were equable in thi 
Ecliptic, the whole difference between the equz 
time as ſhewn by the Clock, and the unequal timg 
as ſhewn by the Sun, would ariſe from the obljs 
quity of the Ecliptic. But the Sun's motion 
ſometimes exceeds a degree in 24 hours, thoug 
generally it is leſs; and when his motion i 
ſloweſt, any particular Meridian will revolve ſoone 
to him than when his motion is quickeſt ; for i 
will overtake him in leſs time when he advances 
leſs ſpace than when he moves through a larger. 
236. Now, if there were two Suns moving it 
the plane of the Ecliptic, fo as to go round it i 
a year; the one deſcribing an equal arc ever 
24 hours, and the other deſcribing ſometimes 
leſs arc in 24 hours, and at other times a larger 
gaining at one time of the year what it loſt at th 
oppoſite; it is evident that either of theſe Su 
would come ſooner or later to the Meridian thalli 
the other, as it happened to be behind or beto'f 
the other: and when they were both in conjunq; 
tion, they would come to the Meridian at the lang 
Amat. nn Baſt: ionhoaGoIdr £8 25 | | 
22837. As the real Sun moves unequably in tg 
Ecliptic, let us ſuppaſe a fictitious Sun ro Moy 
equably in a circle coincident wich the plate. = 
Fig. IV, the Ecliptic. Let ABCD be the Ecliptie or O 2 f 
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W. which the real Sun moves, and the dotted 


rcle abed the imaginary Orbit of the fictitious 
dun; each going round in a year according to the 
der of letters, or from weſt to eaſt. Let HIXI. 


be the Earth turning round it's Axis the ſame 
way every 24 hours; and ſuppoſe both Suns to 


fart from A and a, in a right line with the plane 
of the Meridian EH, at the ſame moment: the 
real Sun at A, being then at his greateſt diſtance 
from the Earth, at which time his motion is 
ſloweſt ; and the fictitious Sun at a, whoſe motion 
b always equable, becauſe his diſtance from the 


Earth is ſuppoſed to be always the ſame. In the 


time that the Meridian revolves from H to H 
z20ain, according to the order of the letters HII, 
the real Sun has moved from A to F; and the 


ititious with a quicker motion from à to , 
through a larger arc; therefore, the Meridian EH 


will revolve ſooner from H to þ under the real 
Sun at F, than from H to * under the fictitious 
Sun at F; and conſequently it will then be noon 
by the Sun-dial ſooner than by the Clock. 

As the real Sun moves from A towards C, the 
ſwiftneſs of his motion increaſes all the way to C, 
where it is at the quickeſt. But notwithſtanding 


this, the fiftitious Sun gains ſo much upon the 


ral, ſoon after his departing from 4, that the 


ncreaſing velocity of the real Sun does not bring 


tim up with the equally moving fiftitious Sun 
ul the former comes to C, and the latter to c, 


when each has gone half round it's reſpective 


Orbit; and then being in conjunction, the Meri- 
lan EH revolving to EK comes to both Suns at 
de fame time, and therefore it is noon by them 
both at the ſame moment. ds 


But the increaſed velocity of the rea Sun; now 


being at the quickeſt, carries him before the ficti- 
tous one; and therefore, the fame Meridian will 
One to the fictitious Sun ſooner than to the real: 
vr whilſt the fictitious Sun moves from c to g, 
I fad 2 N the 
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PLATE the real Sun moves through a greater arc from f 
to G conſequently the point K has it's no0n . 
the Clock when it comes to x, but not it's noon 
by the Sun till it comes to J. And although the 
velocity of the real Sun diminiſhes all the way 
from C to A, and the fictitious Sun by an equab| 
motion is Rill coming nearer to the real Sun, yet 
they. are not in conjunction till the one comes tg 
A and the other to a; and chen it is noon ay them 
both at the ſame moment. 
Thus it appears, that the ſolar noon is alwayy 
later than noon by the clock whilſt the Sun goes 
from C to 4, ſooner whilſt he goes from 4 toC; 
and at theſe two points the Sun and Clock being 
equal, it is noon | by them both at the ſame mo- 

ment. | | 
Apogee, Pe- 23 38. The point A is called the Sun's Apogee, 
pore becauſe when he is there, he is at his greateſſ 
what. diſtance from the Earth; the point C his Periget] 
becauſe when in it he is at his leaſt diſtance from 
Fis-IV- the Earth: and a right line, as AEC, drawn 
through the Earth's center, from one of theſe 
points to'the other, is called the line of the Apjides, 
239. The diſtance that the Sun has gone in 
any time from his Apogee (not the diſtance he 
has to go to it, though ever ſo little) is called 5 
Mean Ano- nean Anomaly, and is reckoned in Signs and Des 
maly, what-orees, allowing 30 Degrees to a Sign, Thus, 
when the Sun has gone ſuppoſe 174 degrees fro 
his Apogee at A, he is ſaid to be 5 Signs 2: 
| Degrees from it, which is his mean Anomaly; 
and when he is gone ſuppoſe. 355 degrees from 
his Apogee, he is ſaid to be 11 Signs 25 Degree ; 
from it, although he be but 5 . ſhort olf 
A in coming round to it again. 
240. From what was ſaid above, it appears | 
that when the Sun's Anomaly is leſs than 6 Sign 
that is, when, he is any where between A and Of 


in the half ABC of his Orbit, the ſolar noon p!*Y 
i cedes | 
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BY the clock noon; but when his Anomaly i is 
ore than 6 Signs, chat! is, when he is any where 
between C and A, in the half CDA of his Orbit, 
the clock noon precedes the ſolar. When his 
Anomaly 1 is o Signs, o Degrees, that is, when he 
is in his Apogee at A; or 6 Signs o Degrees, 
which is when he is in his Perigee at C; he comes Wt. 
to the Meridian at the moment that the fictitious 1 
Sun does, and then it is noon by them both at the 4 
ſame inſtant. 1 


241. "The following Table ſhews the Variation, "i 
or Equation of time depending on the Sun's Ano- 14 
maly, and ariſing from his unequal motion in the ” 4 
Ecliptic; as the former Table, $ 229, ſhews the 1 
Variation depending on the Sun's place, and re- 195 


ſulting from the obliquity of the Ecliptic: this is ol 
10 be underſtood the fame way as the other, 
namely, that when the Signs ate at the head of 

the Table, . the Degrees are at the left hand; but 

when the Signs are at the 1 of the Table, the 
reſpective Degrees are at the right hand: and in 

both. caſes the Equation is in the Angle of mect- 

ing. When both the above- mentioned Equations 

are e either faſter or ſlower, their ſum is the abſo- 

lute Equatien of Time; but when the one is 

faſter, and the other flower, it is their difference. 

Thus, ſuppoſe the Equation depending on the 

Sun's place, be 6 minutes 41 ſeconds too flow, 

and the Equation depending on the Sun's Ano- 

maly, be 4 minutes 20 ſeconds too flow, their 

Sum is 11 minutes 1 ſecond too ſlow. But if the 

one had been 6 minutes 41 ſeconds too faſt, and 
the other 4 minutes 20 ſeconds too ſlow, their =— 
difference would have been 2 minutes 21 ſeconds | 

doo faſt, becauſe. the greater quantity is too faſt. 
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14 *—ůků —ſ——— — ——— (kee 
Þ 242. The obliquity of the Ecliptic to the fan 
1 Equator, which is the firſt mentioned cauſe of bec 
bi the Equation of Time, would make the Sun and da 


Clocks agree on four days of the year; which are, 


when the Sun enters Aries, Cancer, Libra, and, 
Capricorn: but the other cauſe, now explainel = 
| | . would : 


would make the Sun and Clocks equal only twice 
in a year; that is, when the Sun is in his Apogee 
and Perigee. Conſequently, when theſe two. 
points fall in the beginnings of Cancer and Capri- 
corn, or of Aries and Libra, they concur in mak- 
ing the Sun and Clocks equal in theſe points. 
But the Apogee at preſent is in the gth degree 
of Cancer, and the Perigee in the gth degree of 
Capricorn; and therefore the Sun and Clocks 
cannot be equal about the beginnings of theſe 
Signs, nor at any time of the year, except when 14 
the ſwiftneſs or ſlowneſs of Equation reſulting from RD 
one cauſe juſt balances the ſlowneſs or ſwiftneſs 
ariſing from the other. . 
243. The ſecond Table in the following Chapter 
ſnews the Sun's place in the Ecliptic at the noon 
of every day by the Clock, for the ſecond year 
after Leap- year; and alſo the Sun's Anomaly to 
the neareſt degree, neglecting the odd minutes of 
chat degree. It's uſe is only to afliſt in the me- — 
dod of making a general Equation Table from 199 
the two fore- mentioned Tables of Equation de- 49 
pending on the Sun's Place and Anomaly, $ 229, 
2413 concerning which method we ſhall give a 
tew examples preſently. - The next followin 
Tables are made from thoſe two; and ſhew the 
abſolute Equation of Time reſulting from the 
combination of both it's cauſes; in which the 
minutes as. well as degrees, both of the Sun's 
Place and Anomaly, are conſidered. The uſe of 
theſe Tables is already explained, & 225: and they 
ſerve for every day in Leap-year, and the firſt, 
ſecond, and third years after: For on moſt of the 
came days of all theſe years the Equation differs, 
becauſe of the odd fix hours more than the 265 
days of which the year conſiſts. 


2 a Ib. Bi m ⁵ im de me — — Fe 5 
2 5 RTF 3 = — — . 
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ExaurrE 1. On the 15th of April, the Sun is Framples 
»W i the 25th degree of Y Aries, and his Anomaly 3 


s 9 Signs 15 Degrees; the Equation reſulting Tables. 
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which balancing one another at noon to 2 ſeconds, 


we call: the 8th degree, as it is ſo near) and his 


too flow z- and: from the latter 6 minutes 39 ſeconds 


 Exameze IV. On the 23d of December, t 9 
Sun's place is 1 degree 41 minutes (call it 2 de- 
grees) of Caprieorn, and his Anomaly is 5 Signs 


Of the Equation of Time. 


from the former is 7 minutes 23 ſeconds of time 
too faſt, $ 229; and from the latter, 7 minute; 
27 ſeconds too flow, & 241 ; the difference ig ,' 
ſeconds that the Sun is too ſlow at the noon of 
that day; taking it in groſs for the degrees of the 
Sun's Place and Anomaly, without making pro. 
portionable allowance for the odd minutes, 
Hence, at noon, the ſwiftneſs of the one Equation 
balancing ſo nearly the ſlowneſs of the other, 
makes the Sun and Clocks equal-on ſome part of 
that day. 0 FA | r 


ExaMuLE II. On the 16th of June, the Sun is 
in the 25th degree of n Gemini, and his Ano- 
maly is 11 Signs 16 Degrees; the Equation ariſing 
from the former is 1 minute 48 ſeconds too faſt; 
and from the latter 1 minute 0 ſeconds too ſlow; 


the Sun and Clocks are again equal on that day, 


Ex AurLE III. On the 31ſt of Auguſt, the Sun's 
place is 7 degrees £2 minutes of m Virgo (which 


Anomaly is 2 Signs o Degrees; the Equation ari- 
fing from the former is 6 minutes 41 ſeconds 


too faſt; the difference being only 2 ſeconds too 
flow at noon, and decreaſing towards an equality, 
will make the Sun and Clocks equal in the after 
noon of that da. ON 


23 Degrees; the Equation for the former is 43 
ſeconds too flow, and for the latter 58 ſeconds:to0 
faſt; the difference is 15 ſeconds too faſt at noon 
which decreaſing will come to an equality, and ſd 
make the Sun and Clocks equal in the evening %N 
that Gay. g n : 

8 a 
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And thus we find, that on ſome: part of each of 
the above-mentioned four days, the Sun and Clocks 


N are equal; but if we work examples for all other wk 
{WY days of the year, we ſhall find them different. And, ip 


244. On thoſe days which are equidiſtant from Remark, Te”, 
any Equinox or Solſtice, we do. not find that the 
Equation is as much too faſt or too ſlow, on the 
one ſide, as it is too ſlow or too faſt on the other. 
The reaſon is, that the line of the Apſides, $ 238, y 
does not, at preſent, fall either into the Equinoctial 4 
or Solſtitial points, 8 242. [ 


245. The four following Equation Tables, for The rea 
Leap- year, and the firſt, ſecond, and third years after, % Pane 
would ſerve for ever, if the Sun's. Place and A nos are but tem- 
maly were always the ſame on every given day of“. 

the year as on the ſame day four years before or 

after. But ſince that is not the caſe, no general 0 
Ecuation Fables: can be ſo conſtructed as to be ſ [7 
perpetual. 1 8 5 by 


c HAP. XIV. 
Of. the Preceſſion of the Equinoxes. 


ws has been already obſerved, $ 116, that 
by: the Earth's motion on it's Axis, there 
z more matter accumulated all around the equa- 
toreal parts than any where elſe on the Earth. 

The Sun and Moon, by attracting this redun- 
dancy of matter, bring the Equator ſooner under 
them in every return towards it, than if there was 
no ſuch accumulation. Therefore, if the Sun' ſets 
out, as from any Star, or other fixed point in the 
Heavens, the moment when he is departing from 
the Equinoctial or from either Tropic, he will come 
to the ſame Equinox or Tropic again 20 min. 172 
ſec. of time, or 30 ſeconds of a degree, before he 
completes his courſe, ſo as to arrive at the ſame 
ed Star gf Point from whence he fer out. For, 
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Of the Precęſſiion of the Equinoxes, 


ir the Equinoctial points recede 50 ſeconds of a de 


Fig. IV, 


annual progreſſive motion. | 
When the Sun arrives at the ſame * Equinoctia 
or Solſtitial point, he finiſhes what we call the 
Tropical Tear; which, by obſervation, is found to 
contain 365 days 5 hours 48 minutes 57 ſeconds: 
and when he arrives at the ſame fixed Star again, 
as ſeen from the Earth, he compleats the Sygereal 
Year, which contains 365 days 6 hours 9 minutes 
14+ ſeconds, The Sydereal Year is therefore 20 
minutes 174 ſeconds longer than the Solar or Tro- 
pical Year, and 9 minutes 144 ſeconds longer than 
the Julian or Civil year, which we ſtate at 365 days 


gree weſtward every year, contrary to the Sun: 


6 hours: ſo that the Civil year is almoſt a mean 


betwixt the Sydereal and Tropical. 
247. As the Sun deſcribes the whole Ecliptic, 

or 360 degrees, in a Tropical year, he moves 

59” 8” of a degree every day at a mean rate: and 


\ conſequently 50” of a degree in 20 minutes 172 


ſeconds of time: therefore he will arrive at the 
ſame Equinox or Solſtice when he is 30“ of a 
degree ſhorr of the ſame Star or fixed point in the 


Heavens from which he ſet out in the year before. 


So that with reſpect to the fixed Stars, the Sun and 
Equinoctial points fall back (as it were) 30 degrees 
in 2160 years, which will make the Stars appear 
to have gone 30 deg. forward, with reſpect to the 


Signs of the Ecliptic in that time: for the ſame 


Signs always keep in the ſame points of the Eclip- 
tic, without regard to the Conſtellations, 5 
To explain this by a Figure, let the Sun be in 


Conjounction with a fixed Star at &, ſuppoſe in the 


goth degree of u, on the 2 iſt day of May 175b. 
Then making 2160 revolutions through the Eclip- 


* The two oppoſite points in which the Ecliptic croſſes the 


- Equino&ial, are called the Eguinoctial points: and the two 


points where the Ecliptic touches the Tropics (which are like- 
wiſe eppoſite, and 90 degrees from the former) are called 14e. 
Solfitial points, earns aa rnget 
tie 
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vent, bo h ini Motion 
noxes on Earth. 
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gree, or 20 min. 174 ſec. of time annually: this, 
in ſo many years, makes 30 days 10 hours: which 
is the difference between 2160 Sydereal and Tro. 


| lows that thoſe Stars which in the infancy of Aſtro- 


ſeaſon of the year, in the times of. HEsIOD, Eu- 


Of the Preceſſion'ef the Eguimuel. 


tic VA, at the end of ſo many Sydereal years, 
he will be found again at &: but at the end of 6 
many Jutian years, he will be found at M, ſhort of 
S: and at the end of ſo many Tropical years, he 
will be found ſhort of M, in the 3oth deg. of Tau- 
rus at 7, which has receded back from & to T in 
that time, by the preceſſion! of the EquinoQial 
points 4 Aries and Libra. The Arc ST will 
be equal to the amount of the Preceſſion of the 
Equinox in 2160 years at the rate of 50” of a de- 


pical years: And the Arc MT will be equal to 
the ſpace moved through by the Sun in 2160 times 
11 min 3 ſec. or 16 days 13 hours 48 minutes, 
which is the difference between 2160 Julian and 
Tropical years. 11353550 

248. From the ſhifting of the EquinoCtial points, 
and with them, all the Signs of the Ecliptic, it fol- 


nomy were in Aries are now got into Taurus; thoſe 
of Taurus into Gemini, &c. Hence likewiſe it is, 
that the Stars which rofe or ſet at any particular 


DoXus, VIX OIL, PIN, &c. by no means anſwer 
at this time to their deſcriptions. The preceding 
Table ſhews the quantity of this ſhifting both in 
the Heavens and om the Earth, for any number of 
years to 23, 920; which compleats the grand celel- 
tial period: within which any number and it's quan- 
tity is eaſily found; as in the following example, 
for 5763 years; which at the Autumnal Equinox, 
A. D. 1756, is thought to be the age of the world. 
So that with regard to the fixed Stars, the Equi. 
noctial points in the Heavens, have receded 
2 209 2 30” ſince the creation; which is as much 
as the Sun moves in $1* 5˙ 0® 52%. And ſince 
that time, or in 3763 years, the Equinoxes mw 


* 
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have fallen back 44* f 21 9; hence, reckon- 


o Wing from the time of the Julian Equinox, A. D. 
756, vz. Sept. 11th, it appears that the Autum- 


OHober. 


Preceſſion of the Equinoctial Points] Anticipation of 

in the Heavens. | the Equinoxesy 
— —— | on the Earth. 
Motion. | Time. 
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249. The anticipation of the Equinoxes, and 
conſequently of the Seaſons, is by no means owing 
to the preceſſion of the Equinoctial and Solſtitial 


apparent motions, places and declinations of the 


the Civil year containing 365 days 6 hours, and 
the Solar year 365 days 5 hours 48 minutes 57 
kconds, The next following Table, page 157, 
news the length, and conſequently the difference 


from 1 to . . "IT 
250. The above 11 minutes 3 ſeconds, by which 
the Civil or Julian year exceeds the Solar, amounts 
o 11 days in 1433 years: and ſo much our ſea- 
ſons have fallen back with reſpect to the days of 
the months, ſince the time of the Nicene Council 


al the Faſts and Feſtivals to the days then ſettled, 


nal Equinox at the creation was on the 25th of. 


points in the Heavens (which can only affect the 


I fixed Stars), but to the difference between the Civil 
and Solar year, which is 11 minutes 3 ſeconds; 


o any number of Sydereal, Civil and Solar years 


in A. D. 325, and therefore, in order to bring back 
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Fig vi. Let NZSYT, be the Earth, SONA it's Axis pro- 
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PLATE it was requilite to ſuppreſs 11 nominal days. Ang 
that the ſame ſeaſons might be kept to the ſame 
times of the year for the future, to leave out the 
Biſſextile- day in February at the end of every cen. 
tury of years not diviſible by 4; reckoning them 
only common years, as the 17th, 18th, and 19th 
centuries, viz. the years 1700, 1800, 1900, Ce. 
becauſe a day intercalated every fourth year waz 
too much, and retaining the Biſſextiſe-day at the 
end of thoſe Centuries of years which are diviſible 
by 4, as the 16th, 20th, and 24th Centuries; viz, 
the years 1600, 2000, 2400, Wc. Otherwiſe, in 
length of time, the ſeaſons would be quite reverſed 
with regard to the months of the year; though it 
would have required near 23,783. years to have 
brought about ſuch a total change. If the Earth 
had made exactly 3653 diurnal rotations on it's Axis, 
whilſt it revolved from any Equinoctial or Solfticial 
point to the ſame again, the Civil and Solar years 
would always have kept pace together; and the | 
Style would neyer have needed any alteration, 


The Preceſ- 251. Having already mentioned the cauſe of the 
gon of the Preceſſion of the Equinoctial points in the Heavens, 
Equinoctial jp . 3 
keins. Y 246, which occaſions a flow deviation of the 
Earth's axis from it's paralleliſm, and thereby a a 
change of the declination of the Stars from the 
Equator, together with a flow apparent motion of 
the Stars forward with reſpect to the Signs of the 
Ecliptic, we ſhall now explain the Phenomena by 
YO Z ll 


duced to the ſtarry Heavens, and terminating in 4. 
the preſent north Pole of the Heavens, which is 
vertical to N the north Pole of the Earth. Let 
EO be the Boar, 7 Z the Fropic of Cancer, 
and VT #7” the Tropic of Capricorn: JOE the 
Ecliptic, and 30 it's Axis, both which are e | 
| able 


8 * 
rr 

* —— —— 

—— © ougbes r 
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Of the Preceſſion of the Equinoxes. 
ble among the Stars. But, as“ the Equinoctial 


ON is in motion upon the Earth's: center O, in 
ach a manner, as to deſcribe the double Cone 
Vn and SOs, round the Axis of the Ecliptic BO, 
in the time that the Equinoctial points move 


and in that length of time, the north Pole of the 


of the Ecliptic, which keeps immoveable in the 
degrees inclined to the Axis of the Eclipric, the 
the Earth's Axis produced. to A, is 47 degrees in 


Axis, In conſequence of this, the point 4, which 


of the conſtellation called the Little Bear, muſt be 
deſerted by the Earth's Axis; which moving back- 


towards the Star or point B in 6480 years hence: 
and in double of that time, or 12,960 years, it 
vill be directed towards the Star or Point C; 
which will then be the north Pole of the Heavens, 
although it is at preſent 82 degrees ſouth of the 
Zenith of London L. The preſent poſition of the 
Equator EO ©, will then be changed into eOgq, 
e Tropic of Cancer T = Z into Vt, and the 
Tropic of Capricorn VT into Z; as is evi- 
(ent by the Figure. And the Sun, in the ſame 
part of the Heavens where he is now over the 
The EquinoQial Circle interſe&ts the Ecliptic in two op- 
hüte points, called Aries and Libra, from the Signs which al- 
ys keep in theſe points: They are called the Equinoctial 
Fonts, becauſe when the Sun is in either of them, he is di- 


rely "my the terreſtrial Equator ; and then the days and nights 
UK equal. | 


earthly 


points recede in the Eclipric, the Earth's Axis 


quite round the Ecliptic, which is 25,920 years; 


Earth's Axis produced, deicribes the Circle 
ABCDA in the ſtarry Heavens, round the Pole 


center of that Circle. The Earth's Axis being 23 
Circle ABCDA deſcribed by the north Pole of 
diameter, or double the inclination of the Earth's 
at preſent is the north Pole of the Heavens, and 


near to a ſtar of the ſecond magnitude in the tail 


wards a degree every 72 years, will be directed 
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ſhorteſt. So that it will require 12,960 years yet 


Earth's diurnal motion, will deſcribe them over 


Of the: Preceſſion of the Equinoxes. 


earthly Tropic of Capricorn, and makes the ſnorteſ 
days and longeſt nights in the Northern Hem. 
ſphere, will then be over the earthly Tropic d 
Cancer, and make the days longeſt and night, 


more, or 25,920 from the then preſent time, u 
bring the north Pole N quite round, ſo as to be 
directed toward that point of the Heavens which i 
vertical to it at preſent. And then, and not til 
then, the ſame Stars which at preſent deſcribe the 
Equator, Tropics, and polar Circles, Cc. by the 
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, OBSERVE by a good Meridian Line, 9 
by a Tranſit Inſtrument properly fixed, the Momenf 
© when the Sun's Center is on the Meridian; and fe 

the Clock to the Time marked in the preceding 

Table for that Day of the Year. Then if the Clock 
goes true, it will point to the Time ſhewn in th 
Table every Day afterward at the Inſtant when it 
is Noon by the Sun, which is when his Center is 
on the Meridian.—Thus, in the firſt Year after 
.Leap Year, on the 20th of October, when it is Noon 
by the Sun, the true equal Time by the Clock is only 
44 minutes go ſeconds paſt XI; and on the laſ 
Day of December (in that Year) it ſhould be 
3 minutes 45 ſeconds paſt XII by the Clock when 
the Sun's center is on the Meridian. 
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Day of the Year at Noon. 
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ATAB LE of the Equation of Time, 1 how much 
a Clock ſhould be faſter or flower than the Sun, very 
ys of the Year at Noon. 
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A conciſe EquaTrON TABLE, adapted to the 1 
Year after Leap Year, and will be within a Minute of 
the Truth for every Year ; ſhewing, to the neareſt full 
| Minute, how much a Clock ſhould be faſter or Dower | 
| than the Sun. By Ar. OMEATON. | Moo 
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Ibis Table is near enough for regulating com- 
mon Clocks and Watches. It may be eaſily copied 
by the Pen, and deing doubled, may be put into 
a Pocket: book. 


Of the Moon's Phaſes, 


CHAP. XV. 


Moon's ſurface mountainous : Her Phaſes deſcrib- 
=. Her path, and the paths of Fupiter's Moons 
Ulineated : The proportions of the Diameters of 
weir Orbits, and thoſe of Saturn's Moons, to each 
uber; and to the Diameter of the Sun. N 


. By looking at the Moon with an ordinary 
teleſcope, we perceive that her ſurface is 
erified with long tracts of prodigious high 
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PLATE 
VII. 


untains and deep cavities, Some of her moun- 


ns, by comparing their height with her diameter 
hich is 2180 miles) are found to be three times 
bher than the higheſt hills on our Earth. This 
gedneſs of the Moon's ſurface is of great uſe 
us, by reflecting the Sun's light to all ſides : for 
the Moon were ſmooth and poliſhed like a 


The Moon's 
ſurtace 
mountains 
dus, 


king-glaſs, or covered with water, ſhe could 


er diſtribute the Sun's light all round; only in 
e poſitions ſhe would ſhew us his image, no 


ger than a point, but with ſuch a luſtre as 


ould be hurtful to our eyes. 

253. The Moon's ſurface being ſo uneven, many 
ye wondered why her edge appears not jagged, 
well as the curve bounding the light and dark 
res. But if we conſider, that what we call the 
ge of the Moon's Diſc is not a ſingle line ſet 
und with mountains, in which caſe it would ap- 


ar irregularly indented, but a large Zone having 


any mountains lying behind one another from 
e obſerver's eye, we ſhall find that the mountains 
ome rows will be oppoſite to the vales in others; 


Why no 
hills appear 
on her edge. 


dſo fill up the inequalities as to make her ap- 


ar quite round: juſt as when one looks at an 
ane, although it's roughneſs be very diſcernible 
| tie fide next the eye, eſpecially if the Sun or a 
adle ſhines obliquely on that fide, yet the line 

EC; terminating 
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The Moon 
has no twi- 
light. 5 


Fig. I, 
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terminating the viſible part ſtill appears ſn 
and even. ON 

2:4, As the Sun can only enlighten that h 
of the Farth which is at any moment turned n 
wards him, and being withdrawn from the opp 
ſite half, leaves it in darkneſs ; ſo he likewiſe df 
to the Moon: only with this difference, that th 


is 

Earth being ſurrounded by an Atmoſphere, a " hi 
the Moon having none, we have twilight after chi agzir 
Sun ſets; but the Lunar inhabitants have an at f. 
mediate tranſition from the brighteſt Sun-ſhine de, 
the blackeſt darkneſs, $ 177. For, let trk;w Qua 
the Earth, and 4, B, C, D, E, F, G, I the Moon ber 
eight different parts of her Orbit, As the EA whe 
turns round it's Axis, from welt to eaſt, when a havi 


turns round her Axis, which is only once a month 


The Moon's 
Piales, 


when it revolves from thence to 7 the Sun & riſes 


place comes to the twilight begins there, a 


when the place comes to s the Sun ſets, and whe 
it comes to ww the twilight ends. But as the Moo 


the moment that any point of her ſurface com 


to 7 (ſee the Moon at G) the Sun riſes there with 2 
out any previous warning by twilight; and wh wh 
the ſame point comes to s the Sun ſets, and thai her 
point goes into darkneſs as black as at midnight. en 
265. The Moon being an opaque ſpherical bod bię 
(for her hills take off no more from her roundneſi pe- 
than the inequalities on the ſurface of an ora Fu 
takes off from it's roundneſs) we can only fee tha 
part of the enlightened half of her which is coward M 
the Earth. And therefore when the Moon is Fu 
A, in conjunction with the Sun &, her dark nal M 
is towards the Earth, and ſhe diſappears, as at 4 lis 
there being no light on that half to render it viii an 
ie. When ſhe comes to her firſt Octant at B, ol d 
has gone an eighth part of her Orbit from he ar 
Conjunction, a quarter of her enlightenedſide is ſee \ 
towards the Earth, and ſhe appears horned, as e: 
3. When ſhe has gone a quarter of her Orb 
from between the Earth and Sun to C, ſhe ſne t ! 


Ut 
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os one half of her enlightened ſide, as at c, and we 
ar, ſhe is a quarter old. At D ſhe is in her ſecond 
Octant, and by ſhewing us more of her enlight- 
ened ſide ſhe appears gibbous, as at d. At E her 
whole enlightened fide is towards the Earth, and 
therefore ſhe appears round, as at e, when we ſay, 
it is full Moon. In her third Octant at F, part 
of her dark ſide being towards the Earth, ſhe 
agein appears gibbous, and is on the decreaſe, as 
at f. At G we fee juſt one half of her enlightened 
fide, and ſhe appears half decreaſed, or in her third 
Quarter, as at g. At H we only ſce a quarter of 
her enlightened fide, being in her fourth Octant, 
where ſhe appears horned, as at 5. And at 4, 
having compleated her courſe from the Sun to the 
Sun again, ſhe diſappears; and we ſay, it is New 
Moon. Thus, in going from A to E, the Moon 
ſeems continually to increaſe; and in going from 
E to A, to decreaſe in the ſame proportion ; hav- 
ing like Phaſes at equal diſtances from A to E, 
but as ſeen from the Sun 5, ſhe is always Full. 

256, The Moon appears not perfectly round he mos 
when ſhe is Full in the higheſt or loweſt part of Diſc no: al- 
her Orbit, becauſe we have not a full view of her un hen 
enlightened fide at that time. When Full in the fall. 
higheſt part of her Orbit, a ſmall deficiency ap- 
pears on her lower edge; and the contrary when 
Full in the loweſt part of her Orbit. 

257. It is plain by the Figure, that when the 71. hate 
Moon changes to the Earth, the Earth appears of the Earth 
Full to the Moon; and vice ver/a, For when e 
Moon is at A, New to the Earth, the whole en- £ 
lightened ſide of the Earth is towards the Moon : 
and when the Moon is at E, Full to the Earth, it's 
dark ſide is towards her. Hence a New Moon 
anſwers to a Full Earth, and a Full Moon to a 
New Earth, The Quarters are alſo reverſed to 
each other, 


258, Between the third Quarter and Change, the ,, agree. 


Moon is frequently viſible in the forenoon, even able Phene- 


menons 


when 


; 
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when the Sun ſhines; and then ſhe affords us 1 

opportunity of ſeeing a very agreeable appearance 

wherever we find a globular ſtone above the ley 

of the eye, as ſuppoſe on the top of a gate, Fo 

if the Sun ſhines on the ſtone, and we place our: 

ſelves ſo as the upper part of the ſtone may jug 

ſeem to touch the point of the Moon's lowermoſt 

horn, we hall then ſee the enlightened part of 

the ſtone exactly of the ſame ſhape with the Moon; 

| horned as ſhe is, and inclined the ſame way to 

the Horizon. The reaſon 1s plain; for the Sun 

enlightens the ſtone the ſame way as he does the 

Moon: and both being Globes, when we put our. 

ſelves into the above ſituation, the Moon and 

ſtone have the ſame poſition to our eyes; and! 

therefore we mult ſee as much of the illuminated 

part of the one as of the other, 

The Non- 259. The poſition of the Moon's Cuſps, or a 

— right line touching the points of her horns, is very 

what. differently inclined to the Horizon at different 

hours of the ſame days of her age. Sometimes 

ſhe ſtands, as it were, upright on her lower horn, 

and then ſuch a line 1s perpendicular to the Ho- 

rizon: when this happens, ine is in what the Aſtro- 

nomers call ie Nong geſimal Degree; which is the 

higheſt point of the Ecliptic above the Horizon } 

at that time, and is go degrees from both ſides 

of the Horizon where it is then cut by the Ecliptic, 

But this never happens wien the Moon is on the 

Meridian, except when ſhe is at the very begin - 

ning of Cancer or Capricorn. 1 

How the in- 260. The inclination of that part of the Ecliptic 

— to the Horizon in which the Moon is at any time 

may be when horned, may be known by the poſition of 

found by the her horns; for a right line touching their points 
poſition of \ O 5 

the Moon's is perpendicular to the Ecliptic. And as the 

borns. angle which the Moon's Orbit makes with the 

Ecliptic can never raiſe her above, nor depreſs her 

below the Ecliptic, more than two minutes of | 

degree, as ſeen from the Sun; it can have no 

| | | ſenſible 
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ſenlible effect upon the poſition of her horns, Prong f 
Therefore, if a Quadrant be held up, ſo as one E 1 
of its edges may ſeem to touch the Moon's horns, f 
the graduated ſide being kept towards the eye, 4 
and as far from the eye as it can be conveniently 5 
held, the arc between the Plumb-line and that 
edge of the Quadrant which ſeems to touch the 
Moon's horns will ſhew the inclination of that part 
of the Ecliptic to the Horizon, And the arc be- 
tween the other edge of the Quadrant and Plumb- 
line will ſhew the inclination of a line, touching j 
the Moon's horns, to the Horizon, — 1 

261, The Moon generally appears as large as Fig. 1. | i 
the Sun; for the Angle v A, under which the 31% 4p. [ 
Moon is ſeen from the Earth, is the ſame with the pears as big 4 
angle LEM, under which the Sun is feen from it.“ e Sun. 1 
And therefore the Moon may hide the Sun's whole 1 
Diſc from us, as ſhe ſometimes does in folar 
Eclipſes. The reaſon why ſhe does not ecliple 
the Sun at every Change, ſhall be explained after- 
wards, If the Moon were farther from the Earth, 
as at a, ſhe would never hide the whole of the 
Sun from us; for then ſhe would appear under 
the Angle N&O, eclipſing only that part of the 
Jun which lies between N and O: were ſhe till 
further from the Earth, as at A, ſhe would appear 
under the ſmall angle 7, like a ſpot on the Sun, 
hiding only the part TI from our ſight, : 

262. That the Moon turns round her Axis in A proof rf 
the time that ſhe goes round her Orbit, is quite , 
demonſtrable ; for, a ſpectator at reſt, without round her 
the periphery of the Moon's Orbit, would fee all *. 
ter ſides turned regularly towards him in that 
ume. She turns round her Axis from any Star to 
the ſame Star again in 27 days 8 hours; from the 
dun to the Sun again in 295 days: the former is 
the length of her ſydereal day, and the latter the 
length of her ſolar day. A body moving round 
ide Sun would have a ſolar day in every revolution, 

Without turning on it's Axis; the fame as if it 
had 


cal and ſy no- 


190 An eaſy Way of repreſenting 


had kept all the while at reſt, and the Sun mom 

round it: bur without turning round it's Axis 

could never have one ſydereal day, becauſe it vou 

always keep the ſame fide towards any given Sy 

Her periodi- 263. If the Earth had no annual motion, t 
ical Rave. Moon would go round it fo as to compleat a Ly 
lution, nation, a ſydercal, and a ſolar day, all in the fan 
time. But, becauſe the Earth goes forward in it 
Orbit while the Moon goes round the Earth j 

her Orbit, the Moon muſt go as much more tha 
round her Orbit from Change to Change in con 
pleating a ſolar day, as the Earth has gone fg 

ward in it's Orbit during that time, i. 6e. almoſt; 

twelfth part of a Circle. 

ee een 264. The Moon's periodical and ſynodical rey 
ese lution may be familiarly repreſented by the m 
tions of the hour and minute hands of a watt 
round it's dial- plate, which 1s divided into 11 

_ equal parts or hours, as the Ecliptic is divided ini 
12 Signs, and the year into 12 months. Let u 
ſuppoſe theſe 12 hours to be 12 Signs, the hour 
hand the Sun, and the minute-hand the Moon 
then the former will go round once in a year, ant 
the latter once in a month: but the Moon, « 
minute-hand, muſt go more than round from ad 
point of the Circle where it was laſt conjoined witl 


A Table Conj.: 1H: . pt 
ſhewing the | | BO Roy 
ti that * | ; 
— 11 1 3 27 16 21 4977 
and minute 2] I 10 54 3 43 388 
9 30 UI. 16 21 49 5 2755 
watch are in | | 4 
In Re 44 IIII 21 49 5 27 1645 
a: | V 27 10 21 49 5% 
6| VI 32 43 38 10 547 
7 38 10 54 32 43 
8[VIIL 43 38 10 54 3% 
gf IX. 49 5 27 16 2177 
10] X 54 32 43 38 1077 
11] X1I 0050600 


The Motion of the Sun and Moon, 


gun, or hour-hand, to overtake it again: for, 
W. :our-hand being in motion, can never be over- 
en by che minute hand at that point from which 
Wy ſtarted at their laſt conjunction. The firſt 
lumn of the preceding Table ſhews the number 
conjunctions which the hour and minute- hand 


al plate; and the other columns ſhew the times 
hen the two hands meet at each conjunction. 
Thus, ſuppoſe the two hands to be in conjunction 
XII, as they always are; then, at the firſt fol- 


ket; at the ſecond conjunction it is 10 minutes 


d ſo on. This, though an ealy illuſtration of 


hile the Sun goes round the Ecliptic, the Moon 
akes 125 conjunctions with him; but the minute- 
and of a watch or clock makes only 11 conjunc- 


nute-hand had a pinion of 6 leaves turning a 
heel of 74, and this laſt turning the hour-hand, 
every revolution it makes round the dial-plate, 
e minute-hand would make 12+ conjunctions 
thit; and ſo would be a pretty device for ſhew- 
g the motions of the Sun and Moon; eſpecially, 
the (loweſt moving hand might have a little 


Moon, 


4 


loon's motion round the Earth, and her track in 


* In this place, we may conſider the Orbits of all the 
elites as circular, with reſpect to their primary Planets ; 
Kcauſe the excentricities of their Otbits are too ſmall to affect 
ie Pncoomena here deſcribed, 975 


; _— 3 


ike whilſt the hour-hand goes once round the 


wing conjunction it is 5 minutes 27 ſeconds 16 
irds 21 fourths 494 fifths paſt I, where they 


; ſeconds 32 thirds 43 fourths 38 r fifths paſt II; 


e motions of the Sun and Moon, is not preciſe 
to the times of their conjunctions; becauſe, 


ons with the hour-hand in one period round the 
al-plate, But if, inſtead of the common wheel- 
ork at the back of the dial-plate, the Axis of the 


un fixed on it's point, and the quickeſt a little 


265. If the Earth had no annual motion, the The Moon's 

motion 

| through 

pen ſpace, would be always the ſame*. But ben ipace 
| deſctibed. 


1 5 . ˙ A — — V 
E ä —_— . x WER — = * — — . 3 Rn: G "> . 
ESE 4 , r I [- Man v4 : 5 8 1 3 


. * 
* Ns " 7 * 
——= <-> 


192 The Moon's Path delineated. 


PLATE as the Earth and Moon move round the Sun, 

| Moon's real path in the Heavens is very diffen 

from her viſible path round the Earth: the ln 

being in a progreſſive Circle, and the forme, 

a curve of different degrees of concavity, whi 

would always be the ſame in the ſame parts of 

Heavens, if the Moon performed a comp 

number of Lunations in a year without x 

Traction. VVVVVVVVCCVCNöVit 
An idea of 266. Let a nail in the end of the axle of a d 

8 riot-wheel repreſent the Earth, and a pin in if 

Moon's. nave the Moon; if the body of the chariot | 

propped up ſo as to keep that wheel from toud 

ing the ground, and the wheel be then turng 

round by hand, the pin will deſcribe a Circle by 

round the nail and in the ſpace it moves throug 

But if the props be taken away, the horſes putt 

and the chariot driven over a piece of grou 

which is circularly convex ; the nail in the ax 

will deſcribe a circular curve, and the pin in u 

nave will {till deſcribe a circle round the propre 

five nail in the axle, but not in the ſpace throug 

which 1t moves. In this caſe, the curve deſcribe 

by the nail will reſemble in miniature as much. 

the Earth's annual path round the Sun, as it df 

_ ſcribes whilſt the Moon goes as often round t 

Earth as the pin does round the nail: and thi 

curve deſcribed by the nail will have ſome rele 

blance of the Moon's path during ſo many Lun 

tions. l ; 

Let us now ſuppoſe that the radius of the cit 

cular curve deſeribed by the nail in the axle ist 

the radius of the circle which the pin in the nay 

deſcribes round the axle as 337 to 1; which 

the proportion of the radius or ſemidiameter of th 

Earth's Orbit to that of the Moon's ; or of th 

rig. u. Circular curve 41234 567 B, &c. to the iti 

circle a, and then, whilſt the progreſſive nail de 

ſcribes the {aid curve from A to E, the pin wills 

once round the nail with regard to the * 

— . 8 
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j de. The former will be a true repreſentation 
Lf the Earth's path for one Lunation, and the 
latter of the Moon's for that time. Here we may 
{et aſide the inequalities. of the Moon's motion, 
and alſo the Earth's moving round its common 
center of gravity and the Moon's : all which, if 
they were truly copied in this experiment, would 
not ſenſibly alter the figure of the paths deſcribed 
by the nail and pin, even though they ſhould rub 
zoainſt a plain upright ſurface all the way, and 
leave their tracts viſible. upon it. And if the 


of ground, ſo as to turn the wheel ſeveral times 
round, the track of the pin in the nave would ſtill 


deſcribed by the pin in the axle; as the Moon's 
path is always concave to the Sun in the center of 
the Earth's annual Orbit. 3 1 

In this Diagram, the thickeſt curve line 45C DE, 
with the numeral figures ſet to it, repreſents as 
much of the Earth's annual Orbit as it deſcribes 
in 32 days from weſt to eaſt; the little circles at 


tion to the Earth's ; and the ſmalleſt curve ab cd ef 
repreſents the line of the Moon's path in the Hea- 
yens for 32 days, accounted from any particular 
New Moon at 2. The Machine, Fig. 5th, is for 
delineating the Moon's path, and ſhall be deſcribed, 
vich the reſt of my Aſtronomical machinery, in 
the laſt Chapter. The Sun is ſuppoſed to be in 
the center of the curve 412 345 67B &c.and 


bears to the radius of the Earth's annual path 
found the Sun: that is, as 240,000, to 81,000,000, 
Mas 1 to 337. | 8 


chariot was driven forward on ſuch a convex piece 


he concave toward the center of the circular curve 


6, b, c, d, e, ſhew the Moon's Orbit in due propor- 


O i 


9 
1's path, and in ſo doing, will deſcribe the curve PLATE 


bh 


tie ſmall dotted circles upon it repreſent , the proportion 
Moon's Orbit, of which the radius is in the ſamerf te o, 


proportion to the Earth's path in this ſcheme, that ic to the 
the, radius of the Moon's Orbit in the Heavens arth's. 
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PLATE 
VII. 


Fig. II. 


oppoſite to the Sun, when the Earth is at (. 


at D. And laſtly, whilſt the Earth deſcribes the 


and goth day of the Moon's age, accounted by 


round the progreſſive Earth as really as if ſhe had 


The Moon' 
motion al- 
ways con- 


cave towards [,arth's center, her real path in the Heavens is not 


e Sun. 


Sun, even at the time of Chan 


thouſand miles (equal to the ſemidiameter of her 


How her 
motion is 
aiternately 


1etarded and 


accelerated, FUll to the laſt Quarter at d her motion continues 


The Moon's Path delineated. 


When the Earth is at A, the New Moon is at , 
and in the ſeven days that the Earth deſcribes the 
curve 1234567, the Moon in accompanying 
the Earth deſcribes the curve ab; and is in * 
firſt Quarter at & when the Earth is at B. As the 
Earth deſeribes the curve B 8 9 10 11 1213 1% 
the Moon deſcribes the curve 5 c; and is at; 


Whilſt the Earth deſcribes the curve C 15 161 
18 19 20 21 22, the Moon deſcribes the curve c 4; 
and is in her third Quarter at d when the Earth ig 


curve D 23 24 25 26 27 28 29, the Moon deſcribes 
the curve de; and is again in conjunction at e with 
the Sun when the Earth is at E, between the 29th 


the numeral Figures from the New Moon at 4; 
In deſcribing the curve ab cd e, the Moon goes 


kept in the dotted Circle A, and the Earth con- 
tinued immoveable in the center of that Circle. 
s And thus we ee, that although the Moon goes 
round the Earth in a Circle, with reſpect to the 


very different in appearance from the Earth's path. 
'Foſhew that the Moon's path is concave to the 
ge, it is carried on 

a little farther into a ſecond Lunation, as to f. 
267. The Moon's abſolute motion from her 
Change to her firſt Quarter, or from a to b, is 10 
much ſlower than the Earth's, that ſhe falls 240 


Orbit) behind the Earth at her firſt Quarter in , 
when the Earth is in B; that is, ſhe falls backa 
ſpace equal to her diſtance from the Earth. From 
that time her motion is gradually accelerated t0 
her Oppoſition or Full at c, and then ſhe is cone 
up as far as the Earth, having regained-what ſhe] 
loſt in her firſt Quarter from @ 10 5. From tit 


accelerated, 


The Moons Path delineated. 


-elerated ſo as to be juſt as far before the Earth 
%, as ſhe was behind it at her firſt Quarter in 
. But, from 4 to e her motion is retarded ſo, 
hat ſhe loſes as much with reſpect to the Earch 
is equal to her diſtance from it, or to the ſemi- 
diameter of her Orbit; and by that means ſhe 
omes to e, and is then in conjunction with the 
Sun as ſeen from the Earth at E. Hence we find, 
hat the Moon's abſolute motion is ſlower than 


and ſwifter than the Earth's from her firſt Quarter 
o her third: her path being leſs curved than the 
Earth's in the former caſe, and more in the latter. 
Jet it is ſtill bent the ſame way towards the Sun; 
for if we imagine the concavity of the Earth's 
Orbit to be meaſured by the length of a perpen- 
dicular line C g, let down from the Earth's place 
upon the ſtraight line bg d at the Full of the 
Moon, and connecting the places of the Earth ar 
the end of the Moon's firſt and third Quarters, 
that length will be about 640 thouſand miles; and 
the Moon when New only approaching nearer to 
the Sun by 240 thouſand miles than the Earth is, 


place at that time upon the ſame ſtraight line, and 


which ſhews the concavity of that part of her path, 
vill be about 400 thouſand miles. 


towards the Sun, at her Conjunction, exceeds her 
that the quantity of matter in the Sun is almoſt 


matter in the Earth, and thag the attraction of each 


tne Moon is at her Change. It may then appear 
N . ſurpriſing 


he Earth's from her third Quarter to her firſt; 


the length of the perpendicular let down from her 


gravity towards the Earth. And if we conſider 
230 thouſand times as great as the quantity of 


body diminiſhes as the {ſquare of the diſtance from 
It increaſes, we ſhall ſoon find, that the point of 
equal attraction between the Earth and the Sun, 
about 70 thouſand miles nearer the Earth than 


195 


268. The Moon's path being concave to the A diffculey 
dun throughout, demonſtrates that her gravity es. 


* 
A 
i 
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PLATE ſurpriſing that the Moon does not abandon the 
Earth when ſhe is between it and the Sun, becayſ 
ſhe is conſiderably more attracted by the Sun tha 
by the Earth at that time. But this difficyly 
vaniſhes when we conſider, that a common impulſe 
on any ſyſtem of bodies affects not their relative 
motions z but that they will continue to attract, 
impel, or circulate round one another, in the ſame 
manner as if there was no ſuch impulſe. The 
Moon is ſo near the Earth, and both of them þ 
far from the Sun, that the attractive power of the 
Sun may be conſidered as equal on both: and 
therefore the Moon will continue to circulate round 
the Earth in the ſame manner as if the Sun did 
not attract them at all: like bodies in the cabbin of 
a ſhip, which may move round or impel one ano- 
ther in the ſame manner when the ſhip is under 
ſail, as when it is at reſt; becauſe they are all 
equally affected by the common motion of the ſhip, 
If by any other cauſe, ſuch as the near approach 
of a Comet, the Moon's diſtance from the Earth 

| ſhould happen to be ſo much increaſed, that the 
difference of. their gravitating forces towards the 
Sun ſhould exceed. that of the Moon towards the 
Earth; in that caſe the Moon, when in conjunc- 
tion, would abandon the Earth, and be either 
drawn into the Sun, or Comet, or circulate round 
about it. 


269. The curves which Jupiter's Satellites de- 

| ſcribe, are all of different ſorts from the path de- 
ſcribed by our Moon, although theſe Satellites go 
round Jupiter, as the Moon goes round the Earth, 
Fig. III. Let A B CD E, &c. be as much of Jupiter's Or. 
bit as he deſcribes in 18 days from A to 7; and 
the curves a, 6, c, d, will be the paths of his four 
Moons going round him in his progreſſive motion. 


Nou let us ſu ppoſe all theſe Moons to ſet out from 


a conjunction with the Sun, as ſeen from Jupiter 
| | at 


abandon the Earth at the Time of ber Change. 


he curve 5 1, his third c 1, and his fourth 4 1. 
he next day, when Jupiter is at C, his firſt Satel- 
ce has deſcribed the curve @ 2, from its conjunc- 
jon, his ſecond the curve 5 2, his third the curve 
2, and his fourth the curve d 2, and ſoon. The 


Jupiter's place in his path every day for 18 days, 
accounted from 4 to 7; and the like Figures ſer 


at the like times. The firſt Satellite, almoſt under 
(„is ſtationary at + as ſeen from the Sun; and 
retrograde from + to 2: at 2 ĩt appears ſtationary 
again, and thence it moves forward until it has 
paſt 3, and is twice ſtationary, and once retro- 
grade between 3 and 4. The path of this Satel- 
lite interſects itſelf every 42 hours, making ſuch 
loops as in the Diagram at 2. 3. 5. 7. 9. 10. 12. 
14. 16. 18, a little after every Conjunction. The 
ſecond Satellite 5, moving ſlower, barely croſſes it's 
path every 3 days 13 hours; as at 4. 7. 11. 14. 18, 
making only 5 loops and as many Conjunctions 
in the time that the firſt makes ten. The Third 
datellite c moving ſtill lower, and having deſcribed 
the curve c 1. 2. 3. 4. 5. 6. 7, comes to an angle 


days four hours; and ſo goes on to deſcribe ſuct 
another curve 7. 8. 9. 10. 11. 12. 13. 14, and is 


lte d is always progreſſive, making neither loops 
nor angles in the Heavens ; but comes to its next 
conjunction at e between the numeral figures 16 
and 17, Or in 16 days 18 hours. In order to have 
i tolerable good figure of the paths of theſe Satel- 
ltes, I took the following method. 


rt A; then, his firſt or neareſt Moon will be at a, PLATE 
ls ſecond at b, his third at c, and his fourth at d. The * 


At the end of 24 terreſtrial Hours after this con- lute Path of 
; . - Jupiter and 
unction, Jupiter has moved to B, his firſt Moon his Satel- 


er Satellite has deſcribed the curve a 1, his ſecond lites deline- 


ated, 


umeral Figures under the capital letters ſhew 


to the paths of his Satellites, ſhew where they are 


t 7 in conjunction with the Sun at the end of 5 pig. In. 


a 14 in its next conjunction. The fourth Satel- 
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Pri, Having drawn their Orbits on a Card, in pr 
Fig. IV. Portion to their relative diſtances from Jupiter, 
meaſured the radius of the Orbit of the four] 
Satellite, which was an inch and 2 parts of 1 

inch; then multiplied this by 424 for the radi; 

of Jupiter's Orbit, becauſe Jupiter is 424 time; x 

far from the Sun's center as his fourth Satellite ih 

from his center; and the product thence arifn 

How to de- was 48378 inches. Then taking a ſmall cord d 
e this length, and fixing one end of it to the fo. 
pitr's of a long room by a nail, with a black-lead penci 
Moon ar the other end 1 drew the curve ABC D, &c. and 
ſet off a degree and a half thereon, from A to 7 

becauſe Jupiter moves only fo much, whilſt his 
outermolt Satellite goes once round him, and 
ſomewhat more; ſo that this ſmall portion of {| 

large a circle differs but very little from a ſtraight 

line. This done, I divided the ſpace AT into 1} 

equal parts, as AB, BC, &c. for the daily pro 

greſs of Jupiter; and each part into 24 for li 
nourly progreſs. The Orbit of each Satellite wa 

alſo dividech into as many equal parts as the Sate 

lite is hours in finiſhing its ſynodical period round 
Jupiter. Then drawing a right line through the 

center of the Card, as a diameter to all the fou 

Orbits upon it, I put the card upon the line o 
Jupiter's motion, and transferred it to every horary 
diviſion thereon, keeping always the ſame diameter 

line on the line of Jupiter's path; and running 

pin through each horary diviſion in the Orbit 0 

each Satellite as the card was gradually transferre( 

along the line ABCD, 8c. of Jupiter's motion, | 
marked points for every hour through the Car 

for the curves defcribed by the Satellites, as tit 
primary Planet 1n the center of the Card was car 

Tried forward on the line; and fo finiſhed th 
Figure, by drawing the lines of each Satellite! 
motion through thote (almoſt innumerable) points 

by which means, this is, perhaps, as true a Figu* 


of the. paths of theſe Satellites as can be my 


Tae Paths of Jupiter's Moons delineated. 199 


And in the ſame manner might thoſe of Saturn's 40, Sa- 


gatellites be delineated, _ PLATE 
. 
270. It appears by the ſcheme, that the three f 


firſt Satellites come almoſt into the ſame line of period of 
poſition every ſeventh day; the firſt being only a Jh. 
little behind with the ſecond, and the ſecond be- | 
bind with the third, But the period of the fourth 
Satellite is fo incommenſurate to the periods of 
the other three, that it cannot be gueſſed at by 
the diagram when it would fall again into a line 
of conjunction with them between Jupiter and 
the Sun, And no wonder; for ſuppoſing them all 
to have been once in conjunction, it will require. 
3087, 43, 493, 260 years ro bring chem in con- 
junction again. See 8 73. | 

271. In Fig. 4th we have the proportions of pig. Iv. 


piter's four, to one another, to our Moon's Orbit, orbits oftte 
and to the Diſc of the Sun. & is the Sun; Mm? Aae. 
the Moon's Orbit (the Earth ſuppoſed to be at E); 

7 Jupiter; 1. 2. 3. 4 the Orbits of his four 

Moons or Satellites; Sat Saturn; and 1. 2. 3. 4.5 

the Orbits of his five Moons. Henee | it appears, 

that the Sun would much more than fill the whole 

Orbit of the Moon; for the Sun's diameter is 

763,000 miles, and the diameter of the Moon's 

Orbit only 480,000. In proportion to all theſe 

Orbits of the Satellites, the radius of Saturn's 

annual Orbit would be 214 yards, of Jupiter's 

Orbit 112, and of the Earth's 22, taking them in 

round numbers. 

272. The annexed table ſhews at once what 
proportion, the Orbits, Revolutions, and Veloci- 
ties of all the Satellites bear to thoſe of their 
primary Planets, and what ſort of curves the ſeveral 
datellites deſcribe. For, thoſe Satellites whoſe ve- 
locities round their Primaries are greater than the 
velocities of their Primaries. in open ſpace, make 
loops at their conjunctions, & 269; appcaring re- 
grade as ſeen from the Sun whilit they delcribe 
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the Orbits of Saturn's five Satellites, and of Ju- Thepropor- 


tions of the 
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The Curves deſcribed by the ſecondary Planets. 


the inferior parts of their Orbits, and direct whij 
they deſcribe the ſuperior. This is the caſe wit 
Jupiter's firſt and ſecond Satellites, and with 82 
turn's firſt, But thoſe Satellites, whoſe velocitie; 
are leſs than the velocities of their primary Planets 
move direct in their whole circumvolutions ; which 


is the caſe of the third, and fourth Satellites of ]y. 


piter, and of the ſecond, third, fourth, and ff 


Satellites of Saturn, as well as of our Satellite the 
Moon: But the Moon is the only Satellite whoſe 
motion is always concave to the Sun. There is a 


1 


Proportion of the Proportion of the. Proportion of the 


E 

= Radius of the Pla - Time of the Pla-|Velocity of each $a. 
= T]net's Orbit to thejnet's Revolution toſtellite to the Velo. 

| 5 © [Radiusof theOrbitſthe Revolution otſcity of it's primary 
fol each Satellite, ſeach Satellite, Planet. 

1— — —1— 6 — 
o 1]As 5 322 to 1]As 5738 to 1]As 5738 to 53222 

lea 2| 4155 T 3912 ] 3912 41550 
2-3] 2954 1 2347 5 29 
3 . 32099..;.1 „5 

Z 16 4 134 © 439 


—— 


— 


18. 1]As 1851 to 1 As 2445 to 1[As 2445 to 1851 
1 10% nne 1165 
2. 3 1 ag -..1 604 731 
13-4]. 474 e gn4 
Arne as 3375 to 1]As 123to iſas 123 to 3372 


table of this Sort in De la Caille's Aſtronomy, but 
it is very different from the above, which I have 


computed from our Engliſh accounts of the periods 
and diſtances of theſe Planets and Satellites. 


CHAP. 


Of the Harveſt- Moon. 201 


he Phenomena of the Harveſt- Moon explained by a 
common Globe: The Years in which the Harveſt- — 
Moons are leaſt and moſt beneficial from 1751, to [ 
1861. The long duration of Moon-light at the ; | 
Poles in winter. 


273. TT is generally believed that the Moon riſes no Harvett. 
about 50 minutes later every day than on Pau. 
the preceding; but this is true only with regard 
to places on the Equator, In places of conſider- 
able Latitude there is a remarkable difference, 
eſpecially in the harveſt time, with which Farmers 0 
were better acquainted than Aſtronomers till of F 
late; and gratefully aſcribed the early riſing of the | 
Full Moon at that time of the year to the good- 
neſs of God, not doubting that he had ordered it 
ſo on purpoſe to give them an immediate ſupply 
of Moon-light after ſun- ſet for their greater con- 
veniency in reaping the fruits of the Earth. 

Inthis inſtance of the Harveſt-Moon, as in many 
others diſcoverable by Aſtronomy, the wiſdom and 
beneficence of the Deity is conſpicuous, who really 
ordered the courſe of the Moon ſo, as to beſtow 
more or leſs light on all parts of the Earth as their 
kveral circumſtances and ſeaſons render it more 
or leſs ſerviceable, About the Equator, where 
there is no variety of ſeaſons, and the weather 
changes ſeldom, and at ftared times, Moon-light 
1s not neceſſary for gathering in the produce of 
the ground; and there the Moon riſes about 50 
minutes later every day or night than on the for- 
mer. In conſiderable diſtances from the Equator, 
Where the weather and ſeaſons are more uncertain, 


the 1 Full Moons riſe very ſoon after 5 
1 
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able accord - 


Butremark- ſet for ſeveral evenings together. At the polar 
ing tothe Circles, where the mild ſeaſon is of very ſhor 


diſtance of 
places from 
it. 


The reaſon 
of this, 


leaſt angles. But to explain this ſubject 1atel. 
ligibly, we muſt dwell much longer upon it. | 


Earth turns round its Axis, all parts of the Fqui- 
noctial make equal angles with the Horizon both 


always riſe or ſet in equal times, Conſequently, if 
the Moon's motion were equable, and in the Equi- 


Ecliptic, that we may conſider her at preſent as 
moving in it. Now the different parts of the 


Of the Harveſt- Moon. 


duration, the autumnal Full Moon riſes at ſun-{ 
from the firſt to the third quarter. And at the 
Poles, where the Sun is for half a year abſent, the 


winter Full Moons ſhine conſtantly without letting 


from the firſt to the third quarter. 

It is ſoon ſaid that all theſe Phenomena are 
owing to the different Angles made by the Hori. 
zon and different parts of the Moon's Orbit; and 
that the Moon can be full but once or twice in 
year 1n thoſe parts of her Orbit which riſe with the 


274. The“ plane of the Equinoctial is perpen- 
dicular to the Earth's Axis: and therefore, as ihe 


at riſing and ſetting ; fo that equal portions of it 


noctial, at the rate of 12 degrees 11 min. from the 
Sun every day, as it is in her Orbit, ſhe would 
riſe and ſet go minutes later every day than on the 


preceding: for 12 deg. 11 min. of the Equinoctl 


riſe or fet in go minutes of time in all Latitudes. 
2:5. But the Moon's motion is fo nearly in the 


Ecliptic, on account of its obliquity to the Earth's 
Axis, make very different angles with the Hort 
zon as they riſe or ſer. Thoſe parts or Signs which 


riſe with the ſmalleſt Angles ſer with the greateſt, 


and vice verſa. In equal times, whenever this 
Angle is leaſt, a greater portion of the Eclipte 
rites than when the Angle is larger; as may be 


ſcen by elevating the pole of a Globe to any con- 


If a Globe be cut quite through upon any Circle, the flat 
ſarface he: e it is io divided, 3s the plane of that Cucle. 


ſiderable 
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(derable Latitude, and then turning it round it's PLATE 


UI. || 
Axis in the Horizon. Conſequently, when the Y 


Moon is in thoſe Signs which riſe or ſet with the 
ſmalleſt Angles, ſhe riſes or ſets with the leaſt dif- 
ference of time; and with the greateſt difference 4 
in thoſe Signs which riſe or ſet with the greateſt rig, 11. 
Angles. 

But, becauſe all who read this Treatiſe may not | f 
be provided with Globes, though in this caſe it is N 
requiſite to know how to ule them, we ſhall fub- Fiſh 
ſtitute the Figure of a globe; in which FUP is 
the Axis, 35 T R the Tropic of Cancer, Lr vp = 
the Tropic of Capricorn, s E U the Ecliptic 40 
touching both the Tropics, which are 47 degrees 7 
from each other, and AB the Horizon, The 1 
Equator, being in the middle between the Tro- | Ha 
pics, is cut by the Ecliptic in two oppoſite points, 1 
which are the beginnings of Arits and « Libra 
K is the Hour-circle with its Index, F the North 
Pole of the Globe elevated to a confiderable Lati- 
tude, ſuppoſe 40 degrees above the Horizon; and 
P the South Pole depreſſed as much below it. Fig. 11. 
Becauſe of the oblique poſition of the Sphere in 
this Latitude, the Ecliptic has the high elevation The dife- >: 
NM es above the Horizon, making tie Angle re f 
NU of 53+ degrees with it when as Cancer is eee nnd 3 
on the Meridian, at which time e Libra riſes in Horizon. 1 
the Eaſt. But let the Globe be turned half round of 
It's Axis, till r Capricorn comes to the eridian rk 
and ꝙ Aries riſes in the Eaſt, and then the Eclip- 47 
tic will have the low elevation N L. above che 1 
Horizon, mak ing only an Angle NUL of 265 7% 
degrees with it; which is 47 degrees leſs than the 1 
former Angle, equal to the diſtance between the 1 
Tropics. 

276. In northern Latitudes, the ſmalleſt Angle 
made by the Ecliptic and Horizon is when Aries Lead and 
riſes, at which time Libra ſets :- the greateſt when Path 
Libra riſes, at which time Aries ſets. From the 
ring of Aries to the riſing of Libra (which is 
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Reſultofthe 277, On the Parallel of London, as much of Wiſthe 


quantity of 


this Angle 
_ at London, 


bra, which are the op- 14. 
poſite Signs to Piſces and 15 


apparent divroal revolutions about the Earth in a year; the 
Sun only 3694. Therefore the Stars gain 3 minutes 56 ſeconds 


' ſeconds ſhorter than 12 Solar, 


But in fourteen days em 
afterwards, the Moon 1 


dliffers almoſt four times io 


Of the Harveſi- Moon. 


twelve * Sydereal hours) the angle increaſes, and ian 
from the riſing of Libra to the riſing of Aries | 28 
decreaſes in the ſame proportion. By this article 
and the preceding, it appears that the Ecliptic riſes 
faſteſt about Aries, and loweſt about Libra, 


per! 
the 
ſet « 


the Ecliptic riſes about 


—— 


qua 


Piſces and Aries in two | Riſing [Secting 


— — 


ie | Diff. ba, er 
hours as the Moon goes Ii Y e in ! 
through in ſix days: and |*|* 3 H. MH. 1 ge 
therefore whilit tbe . 1 
Moon is in theſe Signs, | 1] ö 5 2 
ſhe differs but two hours | *]_ 2 5 ut! 
3 ie 1440 P 
in riſing for ſix days to- 4 23 17 as f 
gether; that is, about 20 5m 6 1% ay 
minutes later every day a 9 1 of 
or night than on the pre- * 15 16 | 
ceding, at a mean rate 9 15 


. 5 12 
comes to Virgo and Li- 17 


Aries; and then ſhe 6% 


as much in riſing; name- 19% 
ly, one hour and about 20 

fifleen minutes later BY 
every day or night than 238 
the former, whilſt ſhe + 

is in theſe Signs. The 25 
annexed Table ſhews 
the daily mean differ- _ 28's 9 
ence of the Moon's |--! | 


® The Ecliptic, together with the fixed Stars, make 366! 
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upon the Sun every Day: fo that a Sydereal day contains only 
23 hours 56 minutes of mean 8 lar time; and a natural or Solar 


riſing 


Of the Harveſt- Moon. 


riſing and ſetting on the Parallel of London, for 
28 days; in which time the Moon finiſhes her 
-riod round the Ecliptic, and gets 9g degrees into 
the fame Sign from the beginning of which ſhe 


er out. So it appears by the Table, that when 


the Moon is in m and -= ſhe riſes an hour and a 
quarter later every day than ſhe roſe on the for- 
mer; and differs only 28, 24, 20,18 or 17 minutes 


in ſetting. But, when ſhe comes to X and , 


ſhe is only 20 or 17 minutes later in riſing; and 
an hour and a quarter later in ſetting. 
278. All theſe things will be made plain by 
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PLATE 
III. 


putting ſmall patches on the Ecliptic of a Globe, 


a8 far from one another as the Moon moves from 


any Point of the celeſtial Ecliptic in 24 hours, 


which at a mean rate is * 134 degrees; and then 


in turning the Globe round, obſerve the riſing and 


ſetting of the patches in the Horizon, as the Index 


points out the different times in the hour, circle. 


A few of theſe patches are repreſented by dots at 


012 3, &c. on the Ecliptic, which has the poſi- rig, 11, 


tion LU when Aries riſes in the Eaſt; and by 
the dots © 1 2 3, &c. when Libra riſes in the Eaſt, 
at which time the Ecliptic has the poſition EU yp : 
making an angle of 62 degrees with the Horizon 
in the latter caſe, and an angle of no more than 15 
degrees with it in the former; ſuppoling the Glob 
tectified to the Latitude of London. | 
279. Having rectified the Globe, turn it until 


the patch at o, about the beginning of * Piſces in 


the half ZUT of the Ecliptic, comes to the Eaſtern 
de of the Horizon; and then keeping the ball 
ſteady, ſet the hour- index to XII, becauſe that 


hour may perhaps be more eaſily remembered than 


any other. Then, turn the Globe round weſt- 


* The Sun advances almoſt a degree in the Ecliptic in 24 
hours, th: ſame way that the Moon moves: and therefore, the 
Moon by advancing 134 degrees in that time goes bttie more 
ben 12 degrees farther from rhe Sun than ſhe was on the day 
core, | . J | | 


ward, 
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ward, and in that time, ſuppoſe the patch o g 


moved from 1 to 2; and it will rife only 20 
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have moved thence to 1, 134 degrees, whilſt the 
Earth turns once round it's Axis, and you will ſe 
that 1 rites only about 20 minutes later than o did 
on the day before. Turn the Globe round again, 
and in that time ſuppoſe the ſame patch to have 


minutes later by the hour- index than it did at t on 
the day or turn before. At the end of the next 
turn, ſuppoſe the patch to have gone from 2 to; 
at U, and it will riſe 20 minutes later than it did 
at 2. And ſo on for ſix turns, in which time there 
will ſcarce be two hours difference: nor would 
there have been ſo much if the 6 degrees of the | 
Sun's motion in that time had been allowed for. 
At the firſt turn the patch riſes ſouth of the Eaſt, 
at the middle turn due Eaſt, and at the laſt turn 
north of the Eaſt. But theſe patches will be 9 
hours of ſetting on the weſtern ſide of the Hori- 
Zon, which ſhews that the Moon will be ſo much 
later of ſetting in that week in which ſhe moves 
through theſe two Signs. The cauſe of this dif- 
ference is evident; for Piſces and Aries make only | 
an Angle of 15 degrees with the Horizon when 
they riſe; but they make an Angle of 62 degrees 
with it when they ſet. As the Signs Taurus, Ge- 
mini, Cancer, Leo, Virgo and Libra, rife ſuc- 
ceſſively, the Angle increaſes gradually which they 
make with the Horizon ; and decreaſes in the ſame 
proportion as they ſer. And for that reaſon, the 
Moon differs gradually more in the time of her 
riſing every day whilſt ſhe is in theſe Signs, and 
leſs in her ſetting : after which, through the other Wi be 
fix Signs, viz. Scorpio, Sagittary, Capricorn, E. 


Aquarius, Piſces, and Aries, the riſing difference m 
becomes leſs every day, until it be at the leaſt of . b. 
all, namely, in Piſces and Aries. 01 

250. The Moon goes round the Ecliptic in 27 Wil 
days 8 hours; but not from Change to Change in E 


leis than 29 days 12 hours : fo that ſhe is in R h 
| an 
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and Aries at leaſt once in every Lunation, and in i 
ſome Lunations twice. 'y 
281, If the Earth had no annual motion, the why the 5 
Sun would never appear to ſhift his place in the 5 al fn 115 
Ecliptic. And then every New Moon would fall aifterent I 
in the ſame ſign and degree of the Ecliptic, and biss. I. 
every full Moon in the oppoſite: for the Moon 

would go preciſely round the Ecliptic from Change | 1 
to Change. So that if the Moon was once Full (4 
in Piſces or Aries, ſhe would always be Full when "4 
ſhe came round to the ſame Sign and Degree | i 
again. And as the Full Moon riſes at Sun-ſet 
(becauſe when any point of the Ecliptic ſets, the 
oppoſite point riſes) ſhe would conſtantly rite within 
two hours of Sun-ſer, on the parallel of London, 
during the week in which ſhe were Full. But in 
the time that the Moon goes round the Ecliptic 
from any conjunction or oppoſition, the Earth goes 
almoſt a Sign forward: and therefore the Sun will 
ſeem to go as far forward in that time, namely, 
27 degrees; fo that the Moon mult go 27% de- 


2 


grees more than round, and as much farther as the 
Sun advances in that interval, which is 24% de- 
grees, before ſhe can be in conjunction with, or 
oppolite to, the Sun again, Hence it is evident, 
that there can be but one conjunction or oppoſition 
of the Sun and Moon in a year in any particular 
part of the Ecliptic. This may be familiarly ex- Her period 
emplified by the hour and minute hands of a cj,à] 
watch, which are never in conjunction or oppoſition ge 
in that part of the dial plate where they were fo *=plifics. 
laſt before. And indeed if we compare the twelve 
hours on the dial-plate to the twelve ſigns of the 
Ecliptic, the hour hand to the Sun, and the 
minute-hand to the Moon, we {hall have a tolera- 
bly near reſemblance in miniature to the motions 
of our great celeſtial Luminaries. The only dit- 
ference is, that whilſt the Sun goes once round the 
Ecliptic, the Moon makes 124 conjunctions with 
him: but whilſt the hour-band goes _— 

KS. | jal- 


208 Of the Harveſt- Moon. 


dial-plate, the minute-hand makes only 11 con- 
junctions with it; becauſe the minute-hand more; 
flower in reſpect to the hour-hand than the Moy 
does with regard to the Sun. — 

The Harveſt 282. As the Moon can never be full but when 
ane loc, ſhe is oppoſite to the Sun, and the Sun is never 
in Virgo and Libra but in our autumnal months 
It is plain that the Moon is never full in the oppo. 
ſite Signs, Piſces and Aries, but in theſe two 
months. And therefore we can have only two 
Full Moons in the year, which riſe ſo near the 
time of Sun-ſet for a week together, as above. 
mentioned, The former of theſe is called the 
Harveſt Moon, and the latter the Hunter's Moon. 
wir. 283. Here it will probably be aſked, why we 
Moon's re- never obſerve this remarkable riſing of the Moon 
golar ring but in harveſt, ſeeing ſhe is in Piſces and Aries 
ceived but in twelve Times in the year beſides; and muſt then 
Harveſt, riſe with as little difference of time as in harveſt? 
The anſwer is plain; for in winter theſe Signs riſe 
at noon; and being then only a Quarter of a Circle 
diſtant from the Sun, the Moon in them is in her 
firſt Quarter: but when the Sun is above the 
Horizon, the Moon's riſing is neither regarded 
nor perceived. In ſpring theſe Signs riſe with the 
Sun, becauſe he is then in them; and as the Moon 
changeth in them at that time of the year, ſhe 1s 
quite inviſible. In ſummer they riſe about mid - 
night, and the Sun being then three Signs, or a 
Quarter of a Circle before them, the Moon 1s in 
them about her third Quarter; when riſing ſo late, 
and giving but very little light, her riſing paſſes 
unobſerved. And in autumn, theſe Signs being 
oppolite to the Sun, riſe when he ſets, with the 

Moon in Oppoſition, or at the Full, which makes 
her riſing very conſpicuous, 1 


284. At the Equator, the North and South 
Poles lie in the Horizon; and therefore the Eclip- 


tic makes the ſame Angle ſouthward with the Ho- 
rizon 
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tizon when Aries riſes, as it does northward when 


Libra rifes. Conſequently, as the Moon at all the 
fore-mentioned patches riſes and ſets nearly at equal 


Angles with the Horizon all the year round, and 


zbout 30 minutes later every day or night than on 
the preceding, there can be no particular Harveſt- 
Moon at the Equator, 2 3 

285. The farther that any place is from the 
Equator, if it be not beyond the Polar Circle, the 
Angle gradually diminiſhes which the Ecliptic and 


Horizon make when Piſces and Aries riſe: and 


therefore when the Moon is in theſe Signs ſhe riſes 


with a nearly proportionable difference later ever 


day than on the former; and is for that reaſon the 


more remarkable about the Full, until we come to 
the Polar Circles, or 66 degrees from the Equa- 
tor; in which Latitude the Ecliptic and Horizon 
become coincident every day for a moment, at the 


ſame ſydereal hour (or 3 minutes 56 ſeconds 


ſooner every day than the former) and the very 
next moment one half of the Ecliptic containing 
Capricorn, Aquarius, Piſces, Aries, Taurus, and 
Gemini, riſes and the oppoſite half ſets. There- 


fore, whilſt the Moon is going from the beginning 


of Capricorn to the beginning of Cancer, which 
is almoſt 14 days, ſhe riſes at the ſame ſydereal 


hour; and in autumn juſt at Sun-fet, becauſe all 


the half of the Ecliptic, in which the Sun is at 
that time, ſets at the ſame ſydereal hour, and the 
oppoſite half riſes; that is, 3 minutes 56 ſeconds, 
of mean ſolar time, ſooner every day than on the 


day before. So whilſt the Moon is going from 


Capricorn to Cancer, ſhe riſes earlier every day 
than on the preceding; contrary to what ſhe does 
at all places between the Polar Circles. But dur- 
Ing the above fourteen days, the Moon is 24 
ſydereal hours later in ſetting ; for the fix Signs 
which riſe all at once on the eaſtern ſide of the 
Horizon are 24 hours in ſetting on the weſtern ſide 


of it; as any one may 7 by making chalk- marks 


at 
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at the beginning of Capricorn and of Cancer, and 
then, having elevated the Pole 662 degrees, turn 
the Globe ſlowly round it's Axis, and obſerve the 
riſing and ſetting of the Ecliptic. As the begin. 
ning of Aries is equally diſtant from the beginning 
of Cancer and of Capricorn, it is in the middle 
of that half of the Ecliptic which riſes all at once. 
And when the Sun is at the beginning of Libns, 
he is in the middle of the other half. Therefore, 
when the Sun is in Libra, and the Moon in Capri. 
corn, the Moon is a Quarter of a Circle before the 
Sun; oppoſite to him, and conſequently full in 
Aries, and a Quarter of a Circle bebind him, when 
in Cancer. But when Libra riſes, Aries ſets, and 
all that half of the Ecliptic of which Aries is the 
middle, and therefore, at that time of the year, the 
Moon riſes at Sun: ſet from her firſt to her third 
ä 
4 9 La 286. In northern Leitodes, the autumnal Full 
mas Moons are in Piſces and Aries; and the vernal 
3 Full Moons in Virgo and Libra: in ſouthern La- 
er guatoß titudes juſt the reverſe, becauſe the ſeaſons are 
contrary. But Virgo and Libra riſe at as ſmall 
Angles with the Horizon in ſouthern Latitudes, 
as Piſces and Aries do in the northern; and there- 
fore the Harveſt Moons are juſt as regular on one 
ſide of the Equator as on the other. 
287. As theſe Signs, which riſe with the leaſt 
Angles, ſet with the greateſt, the vernal Full 
Moons differ as much in their times of riſing every 
night as the autumnal Full Moons differ in their 
times of ſetting; and ſet with as little difference 
as the autumnal Full Moons riſe: the one being 
in all cafes the reverſe of the other. 

288. Hitherto, for the ſake of plainneſs, we 
have ſuppoſed the Moon to move in the Ecliptic, 
from which the Sun never deviates. But the 
Orbit in which the Moon really moves is different 

from the Ecliptic: one half being elevated 5+ de- 
grees above it, and the other half as much de- 
15 preſſed 
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preſſed below it. The Moon's Orbit therefore 
interſeAs the Ecliptic in two points diametrically 
oppolite to each other; and theſe interſections are 


called the Moon's Nodes. So the Moon can never The Moon's 


be in the Ecliptic but when ſhe is in either of her Notes. 


Nodes, which 1s at leaſt twice in every courſe from 
Change to Change, and ſometimes thrice. For, 
as the Moon goes almoſt a whole Sign more than 


round her Orbit from Change to Change; if ſhe 


paſſes by either Node about the time of Change, 
ſhe will paſs by the other in about fourteen days 
after, and come round to the former Node two 
days again before the next Change. That Node 
from which the Moon begins to aſcend northward, 
or above the Ecliptic, in northern latitudes, is 
called the Aſcending Node; and the other the De- 
ſcending Node, becauſe the Moon, when ſhe paſſes 
by it, deſcends below the Ecliptic ſouthward. 

289. The Moon's oblique motion with regard 
to the Ecliptic cauſes ſome difference in the times 
of her riſing and ſetting from what is already men- 
tioned, For when ſhe is northward of the Eelip- 


tic, ſhe riſes ſooner and ſets later than if ſhe moved 


in the Ecliptic : and when ſhe is ſouthward of the 


Ecliptic, ſhe riſes later and ſets ſooner, This dif- 
ference is variable, even in the ſame Signs, becauſe 


the Nodes ſhift backward about 194 degrees in 
the Ecliptic every year ; and ſo go round it con- 


rary to the order of Signs in 18 years 225 days. 


290. When the aſcending Node is in Aries, the 


ſouthern half of the Moon's Orbit makes an Angle 
of 54. degrees leſs with the Horizon than the 


Ecliptic does, when Aries riſes in northern Lati- 
tudes : for which reaſon the Moon riſes with leſs. 
diference of time whilſt ſhe is in Piſces and Aries, 


than ſhe would do if ſhe kept in the Ecliptic, 


But in 9 years and 112 days afterward, the De- 


ſending Node comes to Aries; and then the 


Moon's Orbit makes an Angle 5+ degrees greater 


when -Aries rifes, than the 


with the Horizon 
5 es 12 Ecliptic 
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Ecliptic does at that time; which cauſes the Mon 
to riſe with greater difference of time in Piſces and 
Aries than if ſne moved in the Ecliptic. 
291. To be a little more particular; when the 
Aſcending Node is in Aries, the Angle is only 
94 degrees on the parallel of London when Aries 
riſes. But when the Deſcending Node comes ty 
Aries, the Angle is 20% degrees; this occaſions 1; 
great a difference of the Moon's riſing in the fame 
Signs every 9 years, as there would be on two pa- 
rallels 103 degrees from one another, if the 
Moon's courſe were in the Ecliptic. The follow. 
ing Table ſhews how much the obliquity of the 
Moon's Orbit affects her riſing and ſetting on the 
parallel of London, from the 12th to the 18th day 
of her age; ſuppoſing her to be full at the au- 
tumnal Equinox: and then, either in the Aſcend- 
ing Node, higheſt part of her Orbit, Deſcending 
Node, or loweſt part of her Orbit. M ſignifies 
morning, A afternoon ; and the line at the foot of 
the Table ſhews a week's difference in riſing and 


: M 
ſetting. rif 
— 3 > 3 TIT TR 6 TI 8 FE DOT T 
= |rull in her Al-] In the highelt |Full in her De- In che loweſt par in 
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This Table was not computed, but only ef- Will | 
mated as near as could be done from a common ˖ 
Globe, an which the Moon's Orbit was delineated R 
- - with a black-lead pencil. It may at firſt ſight ap- 


pear 


* 
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pear erroneous; ſince as we have ſuppoſed the 
Moon to be full in either Node at the autumnal 
Equinox, ſne ought by the Table to riſe juſt at 


age; being in the Ecliptic at that time. But it 
muſt be conſidered, that the Moon is only 144 days 
old when ſhe is Full; and therefore in both Caſes 
ſhe is a little paſt the Node on the 1 ;th day, being 
above it at one time, and below it at the other. 
292, As there is a compleat revolution of the 
Nodes in 184 years, there mult be a regular period 
of all the varieties which can happen in the riſing 


riſing ſo much, even in her quickeſt deſcending. 
Latitude, as not to allow us ſtill the benefit of her 


together about the Full in Harveſt, than when ſhe 
is Full at any other time of the year. The fol- 
lowing Table ſhews in what years the Harveſt- 
Moons are leaſt beneficial as to the times of their 
riſing, and in what years moſt, from 1751 to 1861. 
The column of years under the letter L are thoſe 


ficial, becauſe they fall about the Deſcending 


ficial, becauſe they fall about the Aſcending Node. 
In all the columns from N to ò the Harveſt Moons 
deſcend gradually in the Lunar Orbit, and riſe to 
leſs heights above the Horizon. From S to N 
they aſcend in the ſame proportion, and riſe te 
greater heights above the Horizon. In both the 
columns under & the Harveſt-Moons are in the 
loweſt part of the Moon's Orbit, that is, fartheſt 
South of the Ecliptic ; and therefore ſtay ſhorteſt 
of all above the Horizon : in the columns under 
N juſt the reverſe. And in both caſes, their riſing, 
though not at the ſame times, are nearly the fame 


Orbit were coincident with the Ecliptic. 
i Years 


fix o'clock or at Sun-ſer, on the 15th day of her 


riſing nearer the time of Sun-ſet for a few days 


in which the Harveſt-Moons are leaſt of all bene- 


Node: and thoſe under M are the moſt of all bene- 


with regard to difference of time, as if the Moon's 
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1760 1761 1762 1763 1 1766 1765 1766 1767 176 1709 
1779 1780 1781 1782 1783 1784 1785 1786 1787 4 
1798 1799 1800 1801 1802. 1863 1804 1805 1805 

j 1810 1817 1818 1819 1820 1821 1822 1823 1824 1825 
1835 1830 1837 1838 1839. 1840 1841 1842 1843 | 
{ 1853 1854 1855 1856 1857 * 159 1860 1867 


— Inn ** — — — — — — 


nnn. 


293. At 5 Polar Circles, when the * IT 
the Summer Tropic, he continues 24 hours above 
the Horizon; and 24 hours below it when he 
touches the Winter Tropic. For the ſame reaſon 
the Full Moon neither riſes in Summer, nor ſets 
in Winter, conſidering her as moving in the Eclip- 
tic. For the Winter Full Moon being as high in 
the Ecliptic as the Summer Sun, muſt therefoie 
continue as long above the Horizon; and the 
Summer Full Moon being as low in the Ecliptic 
as the Winter Sun, can no more riſe than he does. 
But theſe are only the two Full Moons which hap- 
pen about the Tropics, for all the others riſe and 
fer. In Summer the Full Moons are low, and 
their ſtay is ſhort above the Horizon, when the 
nights are ſhorr, and we have leaſt occaſion for 
Moon-light: in Winter they go high, and ſtay 
long above the Horizon, when the nights are long, 

and we want the greateſt quantity of Moon-light. 
The low 294. At the Poles, one half of the Ecliptic 
of Moon. NEVET ſets, and the other half never riſes : and 
Poet be therefore, as the Sun is always half a year in de- 
ſcribing one half of the Ecliptic, and as long in 
going through the other half, it is natural to ima- 

gine 
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gine that the Sun continues half a year together 
I WT ;bove the Horizon of each Pole in it's turn, and 
35 long below it; riſing to one Pole when he ſets 
to the other. This would be exactly the caſe if 
there were no refraction: but by the Atmoſphere's 
refrating the Sun's rays, he becomes viſible ſome 
days ſooner. F 183, and continues ſome days 
longer in ſight than he would otherwiſe do: ſo 
that he appears above the Horizon of either Pole 
before he has got below the Horizon of the other. 
And, as he never goes more than 23+ degrees 
below the Horizon of the Poles, they have very 
little dark night: it being twilight there as well as 
at all other places till the Sun be 18 degrees below 
the Horizon, $ 177. The Full Moon being al- 
ways oppoſite to the Sun, can never be ſeen while 
the Sun 1s above the Horizon, except when the 
Moon falls in the northern half of her Orbit; for 
whenever any point of the Ecliptic riſes, the op- 


the Horizon of the north Pole from the 20th of 
March till the 23d of September, it is plain that the 
Moon, when Full, being oppoſite to the Sun, muſt 
be below the Horizon during that half of the year. 
But when the Sun is in the ſouthern half of the 
Ecliptic, he never riſes to the north Pole, during 
which half of the year, every Full Moon happens 
in ſome part of the northern half of the Ecliptic, 


habitants never ſee the Full Moon in Summer, 
they have her always in the Winter, before, at, 
| and after the Full, ſhining for 14 of our days and 

nights. And when the Sun is at his greateſt de- 
preſſion below the Horizon, being then in Capri- 


Full in Cancer, and at her Third Quarter in 
Libra, And as the beginning of Aries is the 
riſing point of the Ecliptic, Cancer the higheſt, 
and Libra the ſetting point, the Moon riſes at her 
firſt Quarter in Aries, is moſt elevated above the 
| 54 Horizon, 


polite point ſets. Therefore, as the. Sun is above 


which never ſets. Conſequently, as the polar In- 


corn, the Moon is at her Firſt Quarter in Aries, 
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VIII. 


Fig. v. 


ter to her Firſt; and below the Horizon during 


north Pole declines from the Sun, the New Moon 


Earth. Thus the Poles are ſupplied one half of 


little, and ſometimes of no ſervice to them. A 


| declines from him. SEN and NV is the Ho. 


Earth, Y & « f is the Moon's Orbit, in which 


north Pole inclines towards him. Thus in our 


height above | it; riſing at her Firſt Quarter A, 


The long Duration of Moon-light at the Polis, 


Horizon, and Full in Cancer, and ſets at the he. 
ginning of Libra in her Third Quarter, having 
continued viſible for 14 diurnal rotations of the 


the winter-time with conſtant Moon-light in the 
Sun's abſence ; and only loſe ſight of the Moon 
from her Third to her Firſt Quarter, while ſhe 
gives but very little light; and could be but of 


bare view of the Figure will make this plain; in 
which let & be the Jun, e the Earth in Summer 
when it's north Pole u inclines toward the Sun, 
and E the Earth in Winter, when it's north Pole 


rizon of the north Pole, which is coincident with 
the Equator; and, in both theſe poſitions of the 


the goes round the Earth, according to the order 
of the letters a h cd, AB C D. When the Moon 
is at a, ſhe is in her Third Quarter to the Earth 
at e, and juſt riſing to the north Pole ; at þ ſhe 
changes, and 1s at the greateſt height above the 
Horizon, as the Sun likewiſe is; at c ſhe is in her 
Firſt Quarter, ſetting below the Horizon; and is 
loweſt of all under it at 4, when oppoſite to the 
Sun, and her enlightened Side toward the Earth, 
But then ſhe is full in view to the ſouth Pole p; 
which is as much turned from the Sun as the 


Summer, the Moon is above the Horizon of the 
north Pole whilſt ſhe deſcribes the northern half 
of the Ecliptic ꝙ s &, or from her Third Quat- 


her progreſs through the ſouthern half & wv; 
higheſt at the Change, moſt depreſſed at the Full. 
But in Winter, when the Earth is at E, and it's 


at D is at her greateſt depreſſion below the Hort- 
zon Ms, and the Full Moon at Bat her greateſt 


ang 
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and keeping above the Horizon till ſhe comes to 
ter Third Quarter C. At a mean ſtate ſhe is 23+ 
degrees above the Horizon at B and b, and as 
much below it at D and 4, equal to the inclination 
of the Earth's Axis F. S Ss or & ve are, as it 
were, a ray of light proceeding from the Sun to 
the Earth; and ſhews that when the Earth is at e, 
the Sun is above the Horizon, vertical to the 


ke is below the Horizon, vertical to the Tropic of 
Capricorn. = | 


CHAP. XVII. 
Of the Ebbing and Flowing of the Sea. 


295, THE cauſe of the Tides was diſcovered 
by KePLER, who, in his Introduction to 


places where it is vertical, inſenſibly on confined 
ſeas and bays, but ſenſibly on the ocean whoſe beds 
are large, and the waters have the liberty of reci- 
procation ; that is, of riſing and falling.” And 
in the 7oth page of his Lunar Aftronomy—* But 
the cauſe of the Tides of the Sea appears to be the 
bodies of the Sun and Moon drawing the waters of 


ply on the ſubject, as to make the Theory of the 


the cauſe of their riſing on the ſide of the Earth op- 
polite to the Moon. For KEPIER believed, that 


which cauſed another in her abſence. 
power of gravity diminiſhes as the ſquare of the 


iſtance increaſes z and therefore the watery at Z 
on 


Tropic of Cancer; and when the Earth is at E, 


the preſence of the Moon occaſioned an impulſe 


117 


the Phyſics of the Heavens, thus explains it: * The The cauſe 
J » C. 7 222 of the Tides 
Orb of the attracting power, which is in the dicoseredby 


Moon, is extended as far as the Earth; and draws Kix. 
the waters under the torrid Zone, acting upon 


the Sea,” This hint being given, the immortal Their The- 


dirlI8azac NeEwTon improved it, and wrote ſo am- 7 nn 


Is AAc 


Tides in a Manner quite his own; by diſcovering Vox. 


296. It has been already ſnewn, F 106, that the p,g1zinea 
on the Ne- 
tonian ꝑ in- 
ciples, 
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' PLATE on the ſide of the Earth ABCDEFGH next thy 


Moon M are more attracted than the central par * 
Fig. 1. of the Earth O by the Moon, and the central part; WW 1id 
| are more attracted by her than the waters on the ofa! 
oppoſite ſide of the Earth at 1: and therefore oe 
diſtance between the Earth's center and the water, Mea. 
on it's ſurface under and oppoſite to the Moon fe: 
will be increaſed, For, let there be three bodies Nas 
at H, O, and D: if they are all equally attraded Helo 
by the body M, they will all move equally fat Mer. 
toward it, their mutual diſtances from each other Ment 
continuing the ſame. If the attraction of M is un. Mad 
equal, then that body which is moſt ſtrongly at. Mie 
tracted will move faſteſt, and this will increale its Mie 
diftance from the other body. Therefore, by the WW; 
law of gravitation, M will attract H more ſtrongly 245 
than it does O, by which the diſtance between Hao 
and O will be increaſed: and a Spectator on O will 2 
perceive N riſing higher toward Z. In like man- Noa 
ner, O being more ſtrongly attracted: than D, it WWh:r 
will move farther towards M than D does: con- ora 
lequently, the diſtance between O and D will be bos 
increaſcd; and a ſpectator on O, not perceiving opt: 
bis on motion, will ſee D receding farther from Nabe 
him towards u: all effects and appearances be- i, 
ing the ſame, whether D recedes from O, or 0 Wan 
from D. 0 . 5 tou 
297. Suppoſe now there is a number of bodies, la 
as A., B, C, D, E, F, C, , placed round O, fo as to der 
form a flexible or fluid ring: then, as the whole 1s ee 
attracted towards M, the parts at H and D will te 
have their diſtance from O increaſed ; whilſt the HN. 
parts at g and F, being nearly at the ſame diſtance 
from M as O is, theſe parts will not recede from a 
one another; but rather, by the oblique attraction I 
of M, they will approach nearer to O. Hence, WF... 
the fluid ring will form | itſelf into an ellipſe Wis, 
Z IB LMKFN Z, whoſe longer Axis u O Z pro . 
duced will paſs through M, and its ſhorter A ay" 


B OF will terminate in Bard F. Let the 15 
c 


Of the Tides. 
led with fluid particles, ſo as to form a ſphere 


38nd O; then, as the whole moves toward M, the 
uod ſphere being lengthened at Z and u, will 
e game an oblong or oval form, If M is the 
e boon, O the Earth's center, ABCDEFGH the 
ne covering the Earth's furface, it is evident, by 
e above reaſoning, that whilſt the Earth by it's 
5 avicy falls toward the Moon, the Water directly 
deo sher at B will ſwell and riſe gradually towards 
ſt er: alſo the Water at D will recede from the 
r enter (ſtrictly ſpeaking, the center recedes from D] 


and riſe on the oppoſite ſide of the Earth: whilſt 
he Water at B and F is depreſſed, and falls below 


24: hours, there will be two Tides of Flood and 


ſtantly falling toward the Moon by the power of 
gravity, ſome may find a difficulty in conceiving 


about the Sun, and muſt continually fall towards 
it, and therefore cannot fall contrary ways at the 
lame time: or if the Earth is conſtantly falling 
towards the Moon, they muſt come together at 


dered, that it is not the center of the Earth that 
delcribes the annual Orbit round the Sun, bur 
the * common center of gravity of the Earth and 


Moon's as the. Earth is heavier, or contains a greater quantity 


do that dividing 240,000 miles, the Moon's diſtance from the 
Eerth's center, by 42, the -exceſs of the Earth's weight above 
the Moon's, the quotient will be 6000 miles, which is the diſ- 
lance of the common center of gravity of the Earth and Moon 
rom the Earth's center. ö N 

5 6 967 pm moving 


he former level. Hence, as the Earth turns round 
is Axis from the Moon to the Moon again in 


two of Ebb in that time, as we find by experience. 


298. As this explanation of the ebbing and 
loving of the Sea is deduced faom the Earth's con- 


how this is poſſible, when the Moon is full, or in 
oppoſition to the Sun; ſince the Earth revolves 


aſt, To remove this difficulty, let it be conſi- 


Moon together: and that whilt the Earth is 


* This center is as much nearer the Eaith's center than the 


of matter than the Moon, namely, about 40 times. If both 
bodies were ſuſpended on it, they would hang in eguzlibrio. 
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PLATE moving round the Sun, it alſo deſcribes a Circ, 
round that center of gravity ; going as many times 
round it in one revolution ahout the Sun as there 
are Junations or courſes of the Moon round the 
Earth in a year: and therefore, the Earth is con. 
ſtantly falling towards the- Moon from a tangent 
to the Circle it deſcribes round the ſaid common 
Fig. 11, center of gravity. Let Mbe the Moon, 7 / pan 
of the Moon's Orbit, and C the center of grayiy 
of the Earth and Moon: whilſt the Moon goes 
round her Orbit, the center of the Earth deſcribes 
the Circle, d g e round C, to which Circle g K is; 
tangent : and therefore, when the Moon has gone 
from M to a little paſt V, the Earth has moved 
from g toe; and in that time has fallen towards 
the Moon, from the tangent at à to e; and ſo on, 

round the whole Circle. 1 ; 
299. The Sun's influence in raiſing the Tides is 
but ſmall in compariſon of the Moon's : for though 
the Earth's diameter bears a conſiderable propor- 
tion to its diſtance from the Moon, it is next to 
nothing when compared to it's diſtance from the 
Sun. And therefore, the difference of the Sun's 
attraction on the ſides of the Earth under and op- 
polite to him, is much leſs than the difference of 
the Moon's attraction on the ſides of the Earth 
under and oppoſite to her : and therefore the Moon 
mult raiſe the Tides much higher than they can 

be raiſed by the Sun, 


Why the 300. On this Theory, ſo far as we have ex. 
Tives re plained it, the Tides ought to be higheſt direct) 
not higheſt ; 
hen the Under and oppoſite to the Moon; that is, when 
Moon is. the Moon is due north and ſouth. But we find, 
ian, that in open Seas, where the water flows freely, 
the Moon Mis generally paſt the north and ſouth 
Meridian, as at p, when it is high water at Z and 
rig. . at n. The reaſon is obvious; for though the 
Moon's attraction was to ceaſe altogether when ſhe 
was paſt the Meridian, yet the motion of aſcent 
ak my: 'communi- 


ommunicated to the water before that time would PLATE 
make it continue to riſe for ſome time after; much ; 
more muſt it do ſo when the attraction is only 
liminiſhed : as a little impulſe given to a moving 
ball will cauſe it ſtill to move farther than other- 
wiſe it could have done. And as experience ſhews, 
that the day is hotter about three in the afternoon, 
than when the Sun is on the Meridian, becauſe of 

the encreaſe made to the heat already imparted. 
301. The Tides anſwer not always to the ſame Nor aways 
adiſtance of the Moon from the Meridian at the 8 
ame places; but are variouſly affected by the action the fame df. 
of the Sun, which brings them on ſooner when the tance from 
Moon is in her firſt and third Quarters, and keeps 
them back later when ſhe is in her ſecond and 
fourth: becauſe, in the former caſe, the Tide raiſed 
by the Sun alone would be earlier than the Tide 
raiſed by the Moon; and in the latter caſe later. 


302. The Moon goes round the Earth in an 
elliptic Orbit, and therefore, in every Lunar 
Month, ſhe approaches nearer to the Earth than her 
mean diſtance, and recedes farther from it. When Spnag and 
ſhe is neareſt, ſhe attracts ſtrongeſt, and fo raiſes aeg Tides. 
the Tides moſt ; the contrary happens when ſhe 
is fartheſt, becauſe of her weaker attraction. When 
both Luminaries are in the Equator, and the 
Moon in Perigeo, or at her leaſt diſtance from the 
Earth, ſhe raiſes the Tides higheſt of all, eſpecially 
at her Conjunction and Oppoſition ; both becauſe 
the equatoreal parts have the greateſt centrifugal 
force from their deſcribing the largeſt Circle, and 
from the concurring actions of the Sun and Moon. 
At the Change, the attractive forces of the Sun 
and Moon being united, they diminiſh the gravity 
of the waters under the Moon, and their gravity 
on the oppoſite fide is diminiſhed by means of a | 
greater centrifugal force. At the Full, whillt the fg. vx, 
Moon raiſes the Tide under and oppoſite to her, 
the Sun acting in the ſame line, raiſes the Tide 
under 
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undet and oppoſite to him ; whence their CONJoin! 
effect is the ſame as at the Change; and in by 
caſes, occaſion what we call the Spring Tides. By 
at the Quarters the Sun's action on the waters x 
O and A diminiſhes the effect of the Moon's action, 
on the waters at Z and N; ſo that they rife a hitte 
under and oppoſite to the Sun at O and YH, and 
fall as much under and oppoſite to the Moon at 
Z and NM; making what we call the Neap Tits, 
becauſe the Sun and Moon then act croſs-wiſe tg 
each other. But, ſtrictly ſpeaking, theſe Tide 
happen not till ſome time after; becauſe in this, 
as in other caſes, & 3oo, the actions do not produce 
the greateſt effect when they are at the ſtrongeſt, 
but ſome time afterward. e 
Not gresteſt 303. The Sun being nearer the Earth in Winter 
a and than in Summer, § 205, is of courſe nearer to it 
by. in February and October than in March and Sep. 
SE tember; and therefore the greateſt Tides happen 
not till ſome time after the autumnal Equinox, and 
return a little before the vernal. 3% 
The Tides The Sea being thus put in motion, would con. 
33 tinue to ebb and flow for ſeveral times, even though 
ceaſe upon the Sun and Moon were annihilated, or their in- 
laden of cle fluence ſhould ceaſe : as if a baſon of water were | 
2 agitated, the water would continue to move for 
* ſome time after the baſon was left to ſtand ſtill. 
Or like a pendulum, which having been put in 
motion by the hand, continues to make ſcveral 
vibrations without any new impulſe. 


| The lunr 304. When the Moon is in the Equator, the 
#9, wit Tides are equally high in both parts of the lunar 
riſe to une- day, or time of the Moon's revolving from the 
annere Meridian to the Meridian again, which is 24 hours 
cay, and 50 Minutes. But as the Moon declines from the 
woe Equator towards either Pole, the Tides are aiter- 
nately higher and lower at places having nortn or 

ſouth Latitude. For one of the higheſt elevations, 

which is that under the Moon, follows her * 

SIT. the 
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he Pole to which ſhe is neareſt, and the other PLATE 
lines towards the oppoſite pole; each elevation 
eſcribing parallels as far diſtant from the Equator, 
n oppoſite ſides, as the Moon declines from it to 
ther ſide; and conſequently, the parallels de- 
tibed by theſe elevations of the water are twice as 
nany degrees from one another, as the Moon is 
om the Equator ; increaſing their diſtance as the 
oon increaſes her declination, till it be at the 
reateſt, when the ſaid parallels are, at a mean ſtate, 
(7 degrees from one another: and on that day, 
he Tides are moſt unequal in their heights. Ag 
he Moon returns toward the Equator, the parallels 
leſcribed by the oppoſite elevations approach to- 
vards each other, until the Moon comes to the 
Equator, and then they coincide. As the Moon 
leclines toward the oppoſite Pole, at equal diſ- 
tances, each elevation deſcribes the ſame parallel 
In the other part of the lunar day, which its oppo- 
ſite elevation deſcribed before. Whilſt the Moon 
has north declination, the greateſt Tides in the 
northern Hemiſphere are when ſhe is above the 
Horizon; and the reverſe whilſt her declination is 
ſouth, Let NES be the Earth, NCS it's pie. I.. 
Axis, E 2 the Equator, 7 = the Tropic of Cancer, V. V. 
e the Tropic of Capricorn, a 6 the arctic Circle, 
d the antarctic, N the north Pole, & the ſouth 
Pole, M the Moon, Fand G the two eminences of 
vater, whoſe loweſt parts are at a and 4 (Fig. III.) 
at N and & (Fig. IV.) and at þ and c (Fig. V.) 
aways go degrees from the higheſt. Now when 
tie Moon is in her greateſt north declination at 
M, the higheſt elevation G under her, is on the gig. 11. 
Tropic of Cancer, T , and the oppoſite elevation 
F on the Tropic of Capricorn t π]; and theſe two 
clevations deſcribe the Tropics by the  Eatth's 
Gurnal rotation. All places in the northern He- 
miſphere EN have the higheſt Tides when they 
come into the poſition 5.25! 2, under the Moon; 
ad the loweſt Tides when che Earth's diurnal 
„ rotation 
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PLATE rotation carries them into the poſition a 7 Z, o 

the fide oppolite to the Moon; the reverſe happen 

at the ſame time in the ſouthern Hemiſpben 

ES Qi: as is evident to fight. The Axis of the 

Tides a Cd has now its Poles @ and d (being alway 

9o degrees from the higheſt elevations) in the 

arctic and antarctic Circles; and therefore it h 

plain, that at theſe Circles there is but one Ti 

of Flood, and one of Ebb, in the lunar day. Fot 

when the point @ revolves half round to 5, in 11 

lunar hours, it has a tide of Flood; but when i 

comes to the ſame point 4 again in 12 hours more, 

Fig. IV. it has the loweſt Ebb. In ſeven days afterward, 

the Moon M comes to the equinoctial Circle, and 

is over the Equator E Q; when both elevations 

deſcribe the Equator; and in both Hemiſphere, 

at equal aiſtances from the Equator, the Tides are 

equally high in both parts of the lunar day. The 

Fig. v. whole Phenomena being reverſed, when the Moon 

haas ſouth declination, to what they were when 

her declination was north, require no farther 
deſcription... /. © 46 Th 

305. In the three laſt- mentioned figures, the 

Earth is orthographically projected on the plane of 

the Meridian; but in order to deſcribe a particular 

Phenomenon, we now project it on the plane of 

the Ecliptic. Let HZ ON be the Earth and Sea, 

Fig. VI, FED the Equator, T the Tropic of Cancer, ( 

the arctic Circle, P the north Pole, and the Curves 

I, 2, 3, Cc. 24 Meridians, or Hour. circles, inter- 

ſecting each other in the Poles; AG M is the 

When both Moon's Orbit, $ the Sun, M the Moon, Z the 

covally ben Water elevated under the Moon, and N the oppo- 

in the ſome ſite equal Elevation. As the loweſt parts of the 

fle at u. Water are always go. degrees from the higheſt, 

„ when the Moon 1s in either of the Tropics (as at 

Time; ans M) the Elevation E is on the Tropic of Capricom, 

vice verd. and the oppoſite Elevation N on the Tropic of 

Cancer, the low-water Circle H C O touches the 

polar Cireles at C; and the — 41 
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£7P6 goes over the Poles at P, and divides _— 
eyery parallel of Latitude into two equal ſegments: 
In this caſe the Tides upon every parallel are of 
alternately higher and lower ; but they return in 
equal times : the point T, for example, on the ” 
Tropic of Cancer (where the depth of the Tide is i 
repreſented by the breadth of the dark ſhade) has J 
2 ſhallower Tide of Flood at 7, than when it re- | 
volves half round from thence to 6, according to * 
the order of the numeral Figures; but it revolves if 
as ſoon from 6 to T as it did from 7 to 6. When 40 
the Moon is in the Equinoctial, the Elevations Z nt 
and N are transferred to the Equator at O and , 
and the high and 1 nker Circles are got into 
each other's former places; in which caſe the 

| Tides return in unequal times, but are equally 
high in both parts of the lunar day: for a place at 
1 (under D) revolving as formerly, goes ſooner 
from 1 to 11 (under F) than from 11 to 1, be- 
cauſe the parallel it deſcribes is cut into unequal 
ſegments by the high-water Circle HC O: but the 
points I and 11 being equidiftant from the Pole 
of the Tides at C, which is directly under the Pole 
of the Moon's Orbit MG 4, the Elevations are 
equally high in both parts of the day. 


306. And thus it appears, that as the Tides 
are governed by the Moon, they muſt turn on the 
Axis of the Moon's Orbit, which is inclined 233 
degrees to the Earth's Axis at a mean ſlate: and 
therefore the Poles of the Tides muſt be ſo many 
degrees from the Poles of the Earth, or in oppo- 
lite points of the polar Circles, going round theſe 
Circles in every lunar day. It is true, that accord- 
Ing to Fig. IV, when the Moon is vertical to the 
Equator E C 9, the Poles of the Tides ſeem to 
tall in with the Poles. of the World N and $: bur 
when we conſider that FG His under the Moon's 
Orbit, it will appear, that when the Moon is over 
2, ig the Tropic of Capricorn, the north Pole ol 

| the 
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the Tides (which can be no more than go degrey 
from under the Moon) muſt be at C in the ard 
Circle, not at P, the north Pole of the Earth; 
and as the Moon aſcends from H to & in her Ordi, 
the north Pole of the Tides muſt ſhift from c tog 
in the arctic Circle, and the ſouth Pole as much i 
the antarctic. 3 

It is not to be doubted, but that the Earth; 
quick rotation brings the Poles of the Tides nearer 
to the Poles of the World, than they would be if 
the Earth were at reſt, and the Moon revolved 
about it only once a month; for otherwiſe the 
Tides would be more unequal in their heights, and 
times of their returns, than we find they are. Bur 
how near the Earth's rotation may bring the Poles 
of it's Axis and thoſe of the Tides together, or 
how far the preceding Tides may affect thoſe 
which follow, ſo as to make them keep up nearly 
to the ſame heights, and times of ebbing and flow. 
ing, is a problem more fit to be ſolved by obſerva- 
tion than by theory. e 


307. Thoſe who have opportunity to make 
obſervations, and chooſe to ſatisfy themſelves whe- 
ther the Tides are really affected in the above 
manner by the different poſitions of the Moon, 
eſpecially as to the unequal times of their returns, 
may take this general rule for knowing when they 
ought to be ſo affected. When the Earth's Axis 
inclines to the Moon, the northern Tides, if not 
retarded in their paſſage through Shoals and Chan- 
nels, nor affected by the Winds, ought to be 
| greateſt when the Moon is above the Horizon, leal 
when ſhe is below itz and quite the reverſe when 
the Earth's Axis declines from her: but in both 
caſes, at equal intervals of time. When thc 
Earth's Axis inclines ſidewiſe to the Moon, both 
Tides are equally high, but they happen at unequal 
intervals of time. In every Lunation the Earth's 


Axis inclines once to the Moon, once from ww 
I 1 20 
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and twice ſidewiſe to her, as it does to the Sun 
every year: becauſe the Moon goes round the 
Ecliptic every Month, and the Sun but once in a 
year. In Summer, the Earth's Axis inclines to- 
wards the Moon when New ; and therefore the 
day-tides in the north ought to be higheſt, and 
night-tides loweſt about the Change : at the Full if 
the reverſe, At the Quarters they ought to be oy 
equally high, but unequal in their returns; becauſe 2 
the Earth's Axis then inclines ſidewiſe to the Moon. '* 
In Winter. the Phenomena are the ſame at Full- | 
Moon as in Summer at New. In Autumn, the 1 
Earth's Axis inclines ſidewiſe to the Moon when = 
New and Full; therefore the Tides ought to be | 
equally high and unequal in their returns at theſe | = 
times. At the firſt Quarter the Tides of Flood 15 
ſhould be leaſt when the Moon is above the Hori- = 
zon, greateſt when ſhe is below it ; and the reverſe. | 
at her third Quarter. In Spring, the Phenomena 1 
of the firſt Quarter anſwer to thoſe, of the third % 
Quarter in Autumn; and vice verſs, The nearer ty 
any time is to either of theſe ſeaſons, the more the 

Tides partake of the Phenomena of thele ſeaſons ; 

and in the middle between any two of them the 

Tides are at a mean ſtate between thoſe of both. 

308. In open Seas, the Tides riſe but to very yy, the 
{mall heights in proportion to what they do in Tics rite 
wide-mouthed rivers, opening in the Direction of gen = 
the Stream of Tide. For, in Channels growing in tbe ve. 
narrower gradually, the water is accumulated by . 
the oppoſition of the contracting Bank. Like a 
| gentle wind, little felr on an open plain, but ſtrong 
and briſk in a ſtreet ; eſpecially if the wider end 
of the ſtreet be next the plain, and in the way of 


CÞ 


309. The Tides are ſo retarded in their paſſage The Ties, 
through different Shoals and Channels, and other- ggg. cf. 


wiſe ſo variouſly affected by ſtriking againſt Capes r 
and Headlands, that to different places they hap- 3 
pen at all diſtances of the Moon from the Meridian; aft cent 


„ "places, and 
7 Q 2 * conle- why, 8 8 
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228 Of rhe Tides; 
conſequently at all hours of the lunar day. Tj, 
Tide propagated by the Moon in the German 
Ocean, when ſhe is three hours paſt the Meridia, 
takes 12 hours to come from thence to Londey. 
Bridge; where it arrives by the time that a ney 
Tide is raifed in the Ocean. And therefore whey 

the Moon has north declination, and we ſhould 
expect the Tide at London to be greateſt when the 
Moon is above the Horizon, we find it is leaſt, 
and the contrary when ſhe has ſouth declination, 
At feveral places it is high-water three hours be. 
fore the Moon comes to the Meridian ; but that 
Tide which the Moon pufhes as it were before 
her, is only the Tide oppoſite to that which waz 


raifed by her when ſhe was nine hours paſt the 


oppolite Meridian, 
| The Water 310. There are no. Tides in Lakes, becauſe they 
: ug hogs are generally fo ſmall, that when the Moon is 
vertical ſhe attracts every part of them alike, and 
therefore by rendering all the water equally light, 
No part of it can be raifed higher than another, 
The Mediterranean and Baltic Seas have very ſmall 
elevations, becauſe the Inlets by which they com- 


municate with the Ocean are ſo narrow, that they | 


cannot, in ſo ſhort a time, receive or diſcharge 
enough to raiſe or ſink their furfaces ſenſibly, 


The Moon 311. Air being lighter than Water, and the 
raiſes Tides ſurface of the Atmoſphere being nearer to the 


in the Air, N r . 
a Moon than the ſurface of the Sea, it cannot be 


doubted that the Moon raifes much higher Tides 
In the Air than in the Sea, And therefore many 


have wondered why the Mercury does not ſink in | 


the Barometer when the Moon's action on the 


particles of Air makes them lighter as ſhe paſſes | 


Why the Over the Modus. But we muſt conſider, that 
_ Mercury in as theſe particles are rendered lighter a greater 


the Baro- 


meter is not number of them is accumulated, until the defi- 


iffeted'by ciency of gravity be made up by the height of the 


. the aerial 


Tides, column; and then there is an equihbrium,” and con- 
. ; — ſegquently 


Of Eclipſes, 
ſequently an 1 2 preſſure upon the Mercury 
as before; ſo that it cannot be affected by the 
acria] Tides. 

CHAP. XVIII. 


of Eclipſes : Their Number and Periods. A large 
Catalogue of Ancient and Modern Eclipſes. 


e. towards that point of the Heaven which is oppo- 
at WF fice to the Sun. This ſhadow is nothing but a 
re 


rivation of light in the ſpace hid from the Sun 
by the opake body that intercepts his rays. 


undergo an Eclipſe ; though, properly ſpeaking, it 
is only an Eclipſe of that part of the Earth where 


the Earth comes between the Sun and Moon, the 
Moon falls into the Earth's ſhadow ; and having 
no light of her own, ſhe ſuffers a real Eclipſe from 
the interception of the Sun's rays. When the Sun 
is eclipſed to us, the Moon's Inhabitants on the 


ſhadow like a dark ſpot travelling over the Earth, 


is in an Eclipſe, the Sun appears eclipſed to her, 
total to all thoſe parts on which the Earth's ſhadow 
falls, and of as long continuance as they are in the 
ſhadow. 


* 
. 


® The Penumbra is a faint kind of ſhadow all around the 
perfect ſhadow-of the Planet or Satellite, and will be more fully 
explained by and by, 
Q 3 common 


the Moon's ſhadow or * Penumbra falls. When 


ſide next the Earth (if any ſych there be) ſee her 


about twice as faſt as its equatoreal parts move, 
and the ſame way as they move. When the Moon 
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312. JD VERY Planet and Satellite is illumi- a nates 
nated by the Sun; and caſts a ſhadow What. 


313. When the Sun's light is ſo intercepted by tclipres of 
the Moon, that to any place of the Earth the Sun ue Sn and 


Moon, 


appears partly or wholly covered, he is ſaid to what. 


314. That the Earth is ſpherical (for the hills 4 proof that 
take off no more from the roundneſs of the Earth, ud Nen 


than grains of duſt do from the roundneſs of a are globular 


bodies, 
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common Globe) i is evident from the figure of iz! 
ſhadow on the Moon; which is always bounde 
by a circular line, although the Earth 1s incefſanth 
turning it's different ſides to the Moon, and very 
ſeldom ſhews the fame fide to her in different 
Eclipies, becauſe they ſeldom happen at the ſam 
hours. Were the Earth ſhaped like a round fx 
plate, it's ſhadow would only be circular when 
either of it's, ſides directly faced the Moon; and 
more or lefs elliptical as the Earth happened to be 
turned more or leſs obliquely towards the Moon 
when ſhe is eclipſed. The Moon's different Phaſes 
prove her to be round, & 254 ; for, as ſhe keeps 
ſtill the ſame fide towards the Earth, if that ſide 
here flat, as it appears to be, ſhe would never be 
viſlible from the third Quarter to the firſt; and 
from the firft Quarter to the third, ſhe would ap- 
Pear as round as when we ſay ſne is Full: becauſe 
-at the end of her firſt Quarter the 'Sun's light 
would come as ſuddenly on all her ſide next the 
Eartb, as it does on a flat wall, and go off as ab- 
"ruptly at the end of her third Quarter. 
Andthatthe' 316. If the Earth and Sun were equally big, 
dun ie much the Earth's ſhadow would be infinitely extended, 


— ara and all of the ſame bulk; and the Planet Mars, 
_——_ either of it's Nodes and oppoſite to the Sun, 
„es. would be eclipſed in the Earth's ſhadow. Were 
the Earth bigger than the Sun, it's ſhadow would 

' Increaſe in bulk the farther it extended, and would 
eclipſe the great Planets ' Jupiter and Saturn, with 
all their Moons, when they were oppoſite to the 
Son. But as Mars in oppoſition never falls into 
the Earth's ſhadow, although he is not then above 
42 millions of miles from the Earth, it is plain 
that the Earth is much leſs than the Sun; for 
otherwiſe it's ſhadow could not end in a point at 
ſo {mall a diſtance. If the Sun and Moon vere 
equally big, the Moon's ſhadow would go on to 
the Earth with an equal breadth, and cover a por- 
tion of the Earth's ſurface more than 2000 w_ 
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broad, even if it fell directly againſt the Earth's 
center, as ſeen from the Moon; and much more 15 
if it fell obliquely on the Earth: but the Moon's | 


[hadow is ſeldom 150 miles broad at the Earth, l 


unleſs when it falls very obliquely on the Earth, bf 

in total Eclipſes of the Sun, In annular Eclipſes, | 

the Moon's real ſhadow ends in a point at ſome 

diſtance from the Earth. The Moon's ſmall diſ- 

tance from the Earth, and the ſhortneſs of her 

ſhadow, prove her to be. leſs than the Sun. And 

as the Earth's ſhadow is large enough to cover the 

Moon, if her diameter were three times as large as 

it is (which is evident from her long continuance 

in the ſnadow when ſhe goes through it's center) 

it is plain, that the Earth is much bigger than the 1 

Moon. 1 | #1 
316. Though all opake bodies on which the The pri- , 

Sun ſhines have their ſhadows, yet ſuch is the may Pl 14 

bulk of the Sun, and the diſtances of the Planets, eclipſe one 1 

that the primary Planets can never eclipſe one other. 

another. A Primary can eclipſe only its Secon- 

dary, or be eclipſed by it; and never but when in 

oppoſition or conjunction with the Sun. The pri- 1 

mary Planets are very ſeldom in theſe poſitions, - 

but the Sun and Moon are ſo every month: whence 1 


one may imagine that theſe two Luminaries ſhould. 4 
be eclipſed every month. But there are few "il 
Eclipſes in reſpect of the number of New and Full ane 
Moons; the reaſon of which we ſhall now explain. tl 

317. If the Moon's Orbit were coincident with, 19 


the Plane of the Ecliptic, in which the Earth al- are bee 
ways moves and the Sun appears to move, the FP of 
Moon's ſhadow would fall upon the Earth at every 19 
Change, and eclipſe the Sun to ſome parts of the 
Earth. In like manner the Moon would go 
through the Middle of the Earth's ſhadow, and be 
eclipſed at every Full; but with this difference, 
that ſhe would be totally darkened for above an 
hour and half; whereas the Sun never was above 
tour minutes totally eclipſed by the interpoſition 

. "or 
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The Moon's of the Moon. But one half of the Moon's Ort 


Nodes, 


Limits of 
Eclipſes. 


the Earth, as ſhe is more or leſs within this 


be then New, her ſhadow falls upon the Earth; 


the Moon is then generally too high or too low in 
her Orbit to caſt any part of her ſhadow: upon the 


Moon, the Moon 1s generally too high or too low 
| ſhadow ; and in both theſe caſes there will be no 


grees from either Node at the time of Conjunction, 


Her Orbit contains 360 degrees; of which 17, the 


when ſhe is full in her Perigee, ſhe will be eclipſed if ſhe be 


Of Eclip ſes, 


is elevated 54 degrees above the Ecliptic, and the 
other half as much depreſſed below it: conſe. 
quently, the Moon's Orbit interſects the Ecliptic 
in two oppoſite points called the Moon's Nodes, x; 
has been already taken notice of, $ 288. When 
theſe points are in a right line with the center of 
the Sun at New or Full Moon, the Sun, Moon 
and Earth are all in a right line; and if the Moon 


if Full, the Earth's ſhadow falls upon her. When 
the Sun and Moon are more than 17 degrees from 
either of the Nodes at the time of Conjunction, 


Earth. And when the Sun is more than 12 de. 
grees from either of the Nodes at the time of Full 


in her Orbit to go through any part of the Earth's 


Eclipſe. But when the Moon is leſs than 17 de- 


her ſhadow or Penumbra falls more or leſs upon 


limit“. And when ſhe is leſs than 12 degrees 
trom either Node at the time of Oppoſition, ſhe 
goes through a greater or leſs portion of the Earth'; 
Mmadow as ſhe is more or Jeſs within this limit, 


limit of ſolar Eclipſes on either fide of the Nodes, 
and 12, the limit of lunar Eclipſes, are but ſmall 
portions : and as the Sun commonly paſſes by the 
Nodes but twice in a year, it is no wonder that 


* This admits of ſome variation: for, in apogeal Eclipſe, 
the ſolar limit is but 164 degrees; and in perigeàl Ecliples it 
1 183.— When the Full Moon is in her Apogee, ſhe will 

e eclipſed if ſhe be within 104 degrees of the Node; and 


* 


within 120 degrees of the Node. 
| we 


Of Eclipfes, -- 0 
we have ſo many Ney and Full Moons without PLATE X, 


e rclipſes. 2 | | 

. To illuſtrate this, let 45 O D be the Ecliptic, Fis. 1, j 
sr a Circle lying in the ſame Plane with the j ö 
u rcliptic, and VF XY the Moon's Orbit, all thrown 

n iato an oblique view, which gives them an ellip- th, 
{ Wtical hape to the eye. One half of the Moon's f 


Orbit, as VN, AX, is always below the Ecliptic, and 

the other half X above it, The points Y and 1 

x, where the Moon's Orbit interſects the Circle 10 

RSTU, which lies even with the Ecliptic, are the | i. 

Moon's Nodes; and a right line, as XE, drawn, Line of the bi 

from one to the other, through the Earth's center, Node. i $8 

is called the Line of the Nodes, which is carried al- "i 

moſt parallel to itſelf round the Sun in a year. 

lf the Moon moved round the Earth in the 

Orbit RST U which is coincident with the Plane 

of the Ecliptic, her ſhadow would fall upon the 

Farth every time ſhe is in conjunction with the 

Sun, and at every oppoſition ſhe would go through 

the Earth's ſhadow. Were this the caſe, the Sun 

would be eclipſed at every Change, and the Moon 

at every Full, as already mentioned. n 1 
But although the Moon's ſhadow N muſt fall of 

upon the Earth at a, when the Earth is at E, and — 

the Moon in conjunction with the Sun at i, becauſe 

ſne is then very near one of her Nodes; and at 

her oppoſition » ſhe muſt go through the Earth's 

ſhadow J, becauſe ſhe is then near the other Node; 

yet, in the time that ſhe goes round the Earth to 

her next Change, according to the order of the 

letters XV, the Earth advances from E to e, 

according to the order of the letters EF G H, and 

the line of the Nodes / E A being carried nearly 

parallel to itſelf, brings the point f of the Moon's 


Orbit in conjunction with the Sun at that next 
Change; and then the Moon being at 5, is too 
high above the Ecliptic to caſt her ſhadow on the 
Earth: and as the Earth is ſtill moving forward, 
the Moon at her next oppoſition will be at g, os 
e 8 ar 
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PLATE x. far below the Ecliptic to go through any part of 


Fig. I. and 
II. 


her (as in Fig. II.) In both theſe caſes the line of 


about her Nodes at New and Full; and in her 


Of E cli pſes. 


the Earth's ſhadow z for by that time the point 
will be at a conſider able diſtance from the Ear 
as ſcen from the Sun. 

When the Earth comes to F, the Moon in con. 
junction with the Sun Z is not at &, in a Plane 
coincident with the Ecliptic, but above it at Tu 
the higheſt part of her Orbit: and then the Point 
þ of her ſhadow O goes far above the Earth (as in 
Fig. II. which is an edge view of Fig. I.) 1 
Moon at her next oppoſition is not at 0 (Fig. 
but at V, where the Earth's ſhadow goes far 4. 


the Nodes / F X (Fig. I.) is about 90 degrees 
from the. Sun, and both Luminaries are as far a; 
poſlible from the limits of Eclipſes. 5 
When the Earth has gone half round the Ec 
tic from E to G, the line of the Nodes /GX i; 
nearly, if not exactly, directed towards the Sun at 
Z; and then the New Moon ! caſts her ſhadow P 
on the Earth G; and the Full Moon p goes through 
the Earth's ſhadow L; which brings on Eclipte 
again, as when the Earth was at E. 

W hen the Earth comes to H, the New Moon 
falls not at n in a plane coincident with the Ecliptic 
CD, but at in her Orbit below it : and then 
her ſhadow D (lee Fig. II.) goes far below the 
Earth. At ay next Full the 7 is not at 4 (Fig. I.) 
but at in her Orbit 5+ degrees above 4, and at 
her greateſt height above the Ecliptic C D; being 
then as far as poſſible, at any oppoſition, from the 
Earth's ſhadow M (as in Fig. II.). 

So, when the Earth is at E and G, the Maa! ö 


greateſt North and South Declination (or Latitude 
as it 1s generally called) from the Ecliptic at her 
Quarters: but when the Earth is at For H, the 
Moon is in her greateſt North and South Declination 
from the Ecliptic at New and Full, and in tbe 
Nodes about her Quarters. 
318. The 
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318. The point X where the Moon's Orbit PLATE X- 
rofſes the Ecliptic is called the Aſcending Node, ascenaing 

| ecauſe the Moon aſcends from it above the 1 
Ecliptic : and the oppoſite point of interſection / l 

is called he deſcending Node, becauſe the Moon 

deſcends from it below the Ecliptic. When the He- N reh 


in Won is at 7 in the higheſt point of her Orbit, ſhe Te 
atis in her greateſt North Latitude; and when ſhe is : 
WW: in the loweſt point of her Orbit, ſhe is in her 

ne greateſt South Latitude. 5 | 

. 319. If the line of the Nodes, like the Earth's The Nose, 
Aus, was carried parallel to itſelf round the Sun, bw a te- 
F there would be juſt half a year between the con- motion. 


junctions of the Sun and Nodes. But the Nodes 

ſhift back ward, or contrary to the Earth's annual 

motion, 194 degrees every year; and therefore the Fig. 1. 

ſame Node comes round to the Sun 19 days ſooner | 

every year than on the year before. Conſequently, 

from the time that the aſcending Node X (when 

the Earth is at E) paſſes by the Sun as ſeen from 

the Earth, it is only 173 days (not half a year) 

till the deſcending Node / paſſes by him. There- 

fore, in whatever time of the year we have Eclipſes which | 

of the Luminaries about either Node, we may be je on. 

ſure that in 173 days afterward we ſhall have woner every 

Eclipſes about the other Node. And when at any {pur min, 

time of the year the line of the Nodes is in the be if the | 

ſituation YA, at the ſame time next year it will e 

be in the ſituation 2 G's; the aſcending Node hav- motion. 

ing gone backward, that is, contrary to the order 

of Signs, from A to s, and the deſcending Node 

from / to 7; each 194 degrees. At this rate the 

Nodes ſhift through all the ſigns and degrees of 

the Ecliptic in 18 years and 225 days; in which 

time there would always be a regular period of 

Eclipſes, if any compleat number of Lunations 

were finiſhed without a fraction. But this never 

happens; for if both the Sun and Moon ſhould 

ſtart from a line of conjunction with either of the 

Nodes in any point of the Ecliptic, the Sun would 
perform 


Of Eciipſes, 


perform 18 annual revolutions 'and 222 degteg 
over and above, and the Moon 230 Lunations ay 
85 degrees of the 23 iſt, by the time the Nod 
came round to the ſame point of the Eclipit 
again: ſo that the Sun would then be 138 degree 
from the Node, and the Moon 85 degrees fon 
. the Sun. 12. 3 | 
A period of 320. But, in 223 mean Lunations, after th 
Flip, Sun, Moon, and Nodes, have been once in a lin 
of conjunction, they return ſo nearly to the ſame 
ſtate again, as that the ſame Node, which was in 
conjunction with the Sun and Moon at the begin, 
ning of the firſt of theſe Lunations, will be within 
28” 12” of a degree of a line of conjunction with 
the Sun and Moon again, when the laſt of theſt 
Lunations is compleated. And therefore, in that 
time, there will be a regular period of Eclipſes 
or return of the ſame Eclipſe, for many ages. I. 
this period (which was firſt diſcovered by the 
Chaldeans) there are 18 Julian years 11 days) 
hours 43 minutes 20 ſeconds, when the laſt day 
of February in Leap- years is four times included: 
dut when it is five times included, the period con. 
fiſts of only 18 years ten days 7 hours 43 minutes 
20 ſeconds. Conſequently, if to the mean time 
of any Eclipſe, either of the Sun or Moon, you 
add 18 Julian years 11 days 7 hours 43 minutes 
20 ſeconds, when the laſt day of February in Leap- 
years comes in four times, or a day leſs when it 
comes in five times, you will have the mean time 
of the return of the ſame Eclipſe. . 
But the falling back of the line of conjunction 
or oppoſitions of the Sun and Moon 28 12“ wich 
reſpect to the line of the Nodes in every period, 
will wear it out in proceſs of time; and after that, 
it will not return again in leſs than 12492 years. — 
Theſe Eclipſes of the Sun, which happen about 
the Aſcending Node, and begin to come in at the 
North Pole of the Earth, will go a little ſouther!y 
at each return, till they go quite off the Earth x 
£110 
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de South Pole; and thoſe which happen about 
* the deſcending Node, and begin to come in at 
* the South Pole of the Earth, will go a little nor- 
g therly at each return, till at laſt they quite leave 
, W:1c Earth at the North Pole. 25 * 
Jo exemplify this matter, we ſhall firſt conſider 
m e Sun's Eclipſe, March 2 1ſt Old Stile (April iſt 
New Stile) A. D. 1764, according to it's mean 
l revolutions, without equating the times, or the 
5 Sun's diſtance from the Node; and then according 
J to it's true equated times. ONE: oP 
g This Eclipſe fell in the open ſpace at each 
þ return, quite clear of the Earth, ever ſince the 
0 creation till A. D. 1293, June 13th Old Stile, at 
* 12 h. 52 m. 59 ſec. poſt meridiem, when the Moon's 
badow firſt touched the Earth at the North Pole; 
e Sun being then 1748 27 from the Aſcend- 
ing Node. — In each period fince that time, the 
Vun has come 28“ 12” nearer and nearer the ſame 
; Node, and the Moon's ſhadow has therefore gone 
a more and more ſoutherly.— In the year 1962, July 
sch Old Stile, at 10 h. 36 m. 21 ſec. p. m. when 
e fame Eclipſe will have returned 38 times, the 
bun will be only 24 45” from the Aſcending 


Node, and the center of the Moon's ſhadow will 
fall a little northward of the Earth's center, —At 


Judy 28th Old Stile, at 18 h. 19 m. 41 ſec. p. m. 
the Sun will have receded back 3“ 27“ from the 
Aſcending Node, and the Moon will have a ve 

ſmall degree of ſouthern Latitude, which will cauſe 
the center of her ſhadow to paſs a very ſmall matter 


every following period, the Sun will be 28“ 12” 


the period laſt before; and the Moon's ſhadow will 
go ſtill farther and farther ſouthward, until Sep- 


A. D. 2665; when the Eclipſe will have com- 


quite 


the end of the next following period, A. D. 1980, 


ſouth of the Earth's center. — After which, in 


tarther back from the Aſcending Node than in 


tenber 12th Old Stile, at 23 h. 46 m. 22 ſec. p. n. 


pleated it's 77th periodical return, and will go 


* 


2358 


quite off the Earth at the South Pole (the gu 
being then 177 55 22 back from the Node) ary 


every other Eclipſe of the Sun: for as there l 
about 18 degrees on each fide of the Node within 
- which there is a poſſibility of Eclipſes, their whole 


ſo gone through in leſs than 12492 years. For, 
as 36 is to 1388, lo 1+ 324 to 12492. 
Sun and Moon, at each return, and the mean and 


true time of each New Moon, I have calculated 


_ greateſt part of the trouble off their hands,—Al 


ſake of a regularity which, with reſpect to the 


Of Etlipſes. 


it cannot come in at the North Pole, ſo as to beginfMhe « 
the ſame Courſe over again, in leſs then 124: che f 
years afterward And ſuch will be the caſe x 


revolution goes through 36 degrees about thx 
Node, which taken from 360 degrees, leaves u- 
maining 324 degrees for the Eclipſes to travel i 
expanſum. And as this 36 degrees 1s not gone 
through in leſs than 77 periods, which takes up 
1388 years, the remaining 324 degrees cannot be 


321, In order to ſhew both the mean and true 
times of the returns of this Eclipſe, through all it' 
periods, together with the mean Anomalies of the 


true diſtances of the Sun from the Moon's Aſcend. 
ing Node, and the Moon's true Latitude at the 


the following Tables for the ſake of thoſe who may 
chooſe to project this Eclipſe at any of it's returns, 
according to the rules laid down in the 15th. 
Chapter; and have thereby taken by much the 


the times are according to the Old Stile, for tlie 


nominal days of the Months, does not take place 
in the New: but by adding the days difference of 
Stile, they are reduced to the times which agree 
with the New Ste oth; 
According to the mean (or ſuppoſed equable) 
motions of the Sun, Moon, and Nodes, the Moon's 
ſhadow in this Eclipſe would have firſt touched tie 
Earth at the North Pole, on the 13th of June, 
A. D. 1295, at 12 h. 52 m. 59 ſec. paſt Noon on 
the Meridian of London; and would quite leave my 
| | ; arti 
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Earth at the South Pole, on the 12th of September, 


Un 

u. D. 2665, at 23 h. 46 m. 22 ſec. paſt Noon, at 
zune completion of it's 77th period; as ſhewn by 
2e firſt and ſecond Tables. 

of But, on account of the true (or unequable) mo- 
tions of the Sun, Moon, and Nodes, the firſt 
u cowing- in of this Eclipſe, at the North Pole of the 
kW Earth, was on the 24th of June, A. D. 1313, at 
WW; h. 37 m. 3 ſec. paſt Noon; and it will finally 
. (cave the Earth at the South Pole, on the z iſt of 


ah, A. D. 2593, at 10 h. 25 m. 31 ſec. paſt 


ſhewn by the third and fourth Tables.—So that 
the true motions do not only alter the true times 
from the mean, but they alſo cut off five periods 
from thoſe of the mean returns of this Eclipſe. 


Noon, at the completion of it's 72d period; as 


TABLE 
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FLABLE I. The mean Time of New Moon, with the mean Anomaliei if 
Sun and Noon, and the Sun's mean Diſtance from the Moon's Aſcendn 
| Node, at the mean Time of each periodical Return of the Sun's Ec}, 
March 21½, 1764, from it's firft. coming upon the Earth fince the Cru, 
tion, till it falls right againſt the Earth's center, according to the Oli Sy 
| = Flo} Mean Time of | Sun's mean [Moon's mean|Sun's mean DN = o 
5 5178} New Moon, Anomaly, | Anomaly, | from the Noz, Zo 
” | Month. PD. H. M. S. „ 0; ie 48 © . 
. — a b 8 25 — — 
5 1277june 2 5 1 17 57 41] 1 26 31 420 0 18 16 0 
1 12950une 13 12 52 59/11 28 27 38] 1 23 40 19 0 17 4827 
2 1313 /lune 23 20 36 190 8 57 35] 1 20 48 50} © 17 20 
3 j1331]July 5 4 19 30] 0 19 27 32] 1 17 57 35| 0 16 fz! 
4 [1349]July 15 12 2 59] o 29 57 29] 1 15 6 100 0 16 23 © 
\ 6 [1367]July 26 19 46 19 1 10 27 26] 112 14 47]O 15 55 57 
6 [1385jAug, 6 3 29 39] 1 20 57 23] 1 9 23 24| 0 15 27 % 
7 11403]/Aug, 17 11 12 f 2 1 27 200 1 6 32 I} © 14 59 1: 
8 [1421]Aug. 27 18 56 19] 2 11 57 17] 1 3 40 380 0 I4 31 © 
9 }1439jSept. . 8 2 39 39] 2 22 27 14 1 0 49 15] 0 14 24 
10 145 7]Sept. 18 10 2 593 2 57 11} © 27 57 52/0 13 343 
11 [1475]Sept. 29 18 6 19] 3 13 27 80 0 25 © 29 0 13 61 
12 1493[Od. 10 1 49 39] 3 23 57 5] 0 22 15 6ſ o 12 38 10 
13 15110 Oct. 21 9 32 590 4 4 27 200 19 23 43] 0 12 95 
14 152900. 31 17 16 19] 4 14 56 59] 0 16 32 200 o 11 41 4; 
15 1547 Nov. 12 © 59 40 4 25 26 56] o 13 40 57] o 11 13 ;: 
16 [1565]Nov, 22 8 43 of 5 5 56 53] © 10 49 34| o 10 45 2 
17 jig831Dec, 3 15 26 20} 5 16 26 rol o 7 58 9 © 10 17 7 
18 [1601}Dec. 14 o 9 qo} 5 26 56 47] o 5 6 48]0 9 485 
19 1615]Dec, 25 7.53 of 6:7 26-44] ©: 2 15 25[ © 9 20:4 
20 ji638}ſan, 4 15 36 20] 6 17 56 41j11 29 24 2} o 8 52 
21 [r656}Jan. 15 23 19 40] 6 28 26 38|11. 26 32 39 © 
22 |l674}Jan. 26 7 3 of 7 8 56 38/1 23 41 14] © 
23 IrCgz|Feb, 6 14 46 200 7 19 26 32011 20 49 53] © 
24 |171ojFeb, 16 22 29 400 7 29 56 2911 17 58 300 0 
25 [1728|Feb., 28 6 13 o 8 10 26 2601115 7 7 o 
26 17400Mar. 10 13 56 20] 8 20 56 230/11 12 15 440 © 
27 [1704|Mar. 20 21 39 4009 1 26 20011 9 24 21 0 
28 782[Apr. 1 5 23 o 9 11 56 17]/171 6 32 580 © 
29 |i800[Apr. 11 13 6 2009 22 26 14/11 3 41 35] 0 
30 18180[Apr. 22 20 49 40ʃ10 2 56 110/11 00 50 121 © 
31 836 May 3 4 33 ol1o 13 26 8010 27 58 49 0 
32 854% May 14 12 16 20010 23 56 50/10 25 7 26 © 
33 87 2[May 24 19 59 400/11 4 26 210 22 16 3 0 
| 34 189 [une 5 3 43 oftt 14 55 59110 19 24 40 
35 [igo8fJune 15 11 20 20/11 25 25 56/10 16 33 17] © 
36 192 June 26 19 9 400 O0 5 55 53/10 13 41 54] © 
37 944[[ulß 7 2 53 of © 16 25; golto 10 50 31 0 
38 [1962|July 18 10 36 21] o 26 55, 470 7 59 $ © 
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TABLE II. The mean Time of New Moon, wwith the mean Anomalies of the 
Sun and Moon, and the Sun's mean Diſtance from the Moon's Aſcending 
Node, at the mean Time of each periodical Return of the Sun's Eclitſe, March 
21/t, 1764, from the mean Time of it's falling right againſt the Earth's cen. 
ter, till it finally leaves the Earth according to the Fulian or Old Stile, 
|. <| Mean Time of | Sun's mean [Moon's meanſSun's mean Diff. 
8 29 New Moon, Anomaly, | Anomaly, | from the Node, 
E- SMonth, D. H. M. Ss. 0: „% % js o 7 

1980 0[ulyß 28 18 19 41] 1 7 25 44/0 5 7 45½/1 29 56 35 
1998][Aug. 9 2 3 1 1 17 55 4%0 2 16 22j11 29 28 zc 
2016[Aug. 19 9 46 21] 1 28 25 38] 9 29 24 59/1 29 o 8 
:03;|Aug. 30 17 29 41] 2 8 55 36] 9 26 33 36/1 28 31 cc 
2052Þept. 10 1 13 / 2 19 25 33] 9 23 42 13]11 28 3 431 
207c|Sept. 21 8 56 21] 2 29 55 32] 9 20 50 5c[11 27 35 3c 
zo88]Ot, 1 16 39 41] 3 10 25 27] 9 17 59 27[11 27 7 18 
2106JORt, 13 o 23 1] 3 20 55 24| 9 15 8 4/1 26 39 5 
2124|ORt. 23 8 6 21] 4 m 25 2:] 9 12 16 41|11 26 10 G2 
2142]Nov. 3 15 49 41] 4 11 55 1869 9 25 18|11 25 42 gc]. 
21600 Nov. 13 23 31 1| 4 22 25 15| 9 6 33 56/11 25 14 28 
21780 Nor. 25 7 16 21] 5 2 55 12] 9 3 42 33[!1 24 40 15]. 
21g6[Dec. 5 14 59 41] 5 13 25 9] 9 o 51 1011 24 18 3 
2214|Dec. 15 22 43 1] 5 23 55 78 27 59 47/11 23 49 50 
22320 Dec. 27 6 26 21] 6 4 28 4} 8 25 8 24111 23 21 38 
225 10Jan. 7 14 9 41 6 I4 55 J 8 22 17 THI 22 53 25 
22691Jan. 17 21 53 1| 6 25 24 580 8 19 25 38/11 22 15 15 
?297|jan. 29 5 36 21] 7 $5 54 55] 8 16 31 15/611 21 57 c 
2305|Feb. 8 13 19 41] 7 16 24 52] 8 13 42 52/11 21 28 48 
2323[Feb. 19 21 3 1| 7 26 54 49] 8 10 51 29/11 21 © 35| 
234i|Mar, 2 4 46 21] 8 7 24 46] 8 8 o 611 20 32 23 
2359|Mar. 13 12 29 42] 8 17 54 43] 8 5 8 43/11 20 4 1c 
2377|Mar. 23 20 13 2| 8 28 24 40| 8 2 17 20ſit 19 35 58 
2395] pr. 4 3 56 229 8 54 37] 7 29 25 57/119 7 45 
2413/Apr. 14 11 39 42] 9 19 24 34/7 26 34 34/1 18 39 3: 
2431]Apr. 25 19 23 20 9 29 54 31| 7 23 43 11011 18 11 2c 
2449]May 6 3 6 22110 10 24 2$| 7 20 51 48/11 17 43 8 
2467|May 17 10 49 4z|1o 20 54 25] 7 18 © 25/11 17 14 54 
2485|May 27 18 33 2011 1 24 22 7 15 9 2/1 16 46 43 
2503jJune 8 2 16 22|11 11 54 1g] 7 12 17 39011 16 18 31 
252 10[[une 18 9 59 42j11 22 24 17] 7 9 26 16011 15 50 18] 
2539] June 29 17 43 2| © 2 54 14] 7 6 34 531 15 22 6 
255% July 10 1 26 22| © 13 24 11] 7 3 43 3001 14 53 54] 
*375}July 21 9 9 42 0 23 54 87 52 71 14 25 44 
2593|July 31 16 53 2] 1 4 24 5 6 28 © 44/1 13 57 28 
2611]Aug, 12 © 36 22] 1 14 54 2} 6 25 9 2/11 13 29 16 
2629 Aug. 22 8 19 42] 1 25 23 59] 6 22 17 58h1 13 1 3 
2647|Sept. 2 16 3 2|2 5 53 56 6 19 26 36|11 12 32 51 
2065] 5ept. 12 23 46 22) 2 16 23 531 6 16 35 12111 12 4 38 
ah | Wn f 
TABLE 
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 J« ABLE III. The true Time of New Moon, with the Sun's true Diſtay 
From the Moon's Aſcending Node, and the Moon's true Latitude, 2 
true Time of each periodical Return of the Sun's Ecligſe, March uf 
Old Stile, d. D. 1704, from the Time of it's firſt coming upon the Ea it's 
fence the Creation till it falls right againſt the Earth's centre, == 
[= | | True Time of |Sun'strueDiſtance] Moon's true Lattice 38 
12 ER | New Moon. from the Node. North. 5 3 
138227 n e — — — 5 
I 2{Month. D. H. A. Ss % ⏑ w — 
0 [r295}June 13 21 54 32 0 18 40 54] 1 33 45 N. 4. 
1 313 one 24 3 37 340 47 20 28] 1. 29 34 N. 4 
2 [133iþjoly 5 10 42 80 0 16 29 330 1 25 20 N. 4. 
' 3 [1349}uly 15 17 14 15] © 15 34 18] 1 20 45 N.. 
4 j1367}July 26 23 49 240 14 46 B8| 1 16 N. 4, 
5 138 5[Aug. 6 6 41 17] © 13 $59 43] 1 12 43 N. 4. 
6 j1403[Aug. 17 13 32 19 0 13 16 44j 1 9 3 N. A. 
7 Haag. 27 20 30 es 12 3, 5 42 N.. 
8439 Pept. 8 3 1 o 12 1 al 1- 2 4 N. AJ 
9 457Sept. 18 10 23 11% 11 30 27] o 58 53 N. A. 
10 147 5Pßept. 29 17 57 7 © 11 3 56 © 57 43 N. 4. 
11 14930 0ct. 109 © 34 $0 ee e e ee 
12 5110 Oct. 21 9 29 53] © 10 25 1100 54 28 N. A. 
13 15 0% . 3117 9 181 10 11 27 © 53 12 N. 4 
14 |1547}Nov. 12 0 51 25] © 10 1 16 © 52 19 N. A. 
I; [1565}Nove 22 8 54 6b] © 9 52 400 0 51 46 N. A. 
16 11583]Dec. 3 16 48 17] 9 48 40 5 11 N. 4. 
17 |t601}Dec. 14 051 5% 9 43 420 50 49 N. A. 
18 [619 Dec. 25 8 54 59 o 9 40 2300 50 31 N. 4. 
19 163 80an. 4 16 56 % 9 34 57% 50 3 N. 4. 
20 [16560 an. 16 o 54 410 9 29 240 49 N. A. 
21 J1674/lan. 26 8 48 240 9 19 44 48 44 N. A. 
22 1692[Feb. 6 16 36 280 9 8 58/0 47 49 N. A. 
23 f ieſFeb. 17: 8 37 8 54 200 © 46 N. A. 
24 11728jFeb. 28 7 43 4% 8 34 53 0 44 N. A. 
25 11746|Mar, 10 15 14 33 0 8 10 38} © 42 46 N. A. 
26 1764] Mar. 20 22 30 260 7 42 14] o 40 18 N. 4. 
,,, Q. 2-0: 437: N. A. 
28 800 Apr. 11 12 36 38 © 6 35 gol 0 34 N. A. 
29 8 180Apr. 22 19 27 34 5 51 480 © 30 43 N. A. 
30 18 36 May 3 2 12 7% % „ 5 5| ©: 26 N. A. 
31 |1854|May 14 8 50 zo © 4 19 45% 22 42 N. 4. 
32 [1872|May 24 15 28 160 3 265 30 0: 18 N. 4. 
33 {1890|june 4 22 8 0 2 35 50 0 13 34 N. 4 
34 [1go2{june 15 4 38 23 1 47 40 8 N. 4. 
4 35 [10 26(june 26 11 13 Fo O 77 0 4 N. 4. 
On account of the differences between the mean and true New Moons 
and between the Sun's mean and true diſtances from the Node, the 
Moon's ſhadow falls even with the Earth's center two periods ſooner I 
Ei Table than in the firſt, e FE | 


YE S 7 * ** 
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TABLE IV. The true Time of New Moon, wth the Sun's true Diſtance 
rom the Moon's Aſcending Noae, and the Moon's true Latitude, at each perio- 
dical Return of the Sun's Eclip/e, March 21/2, Old Stile, A, D. 1764, from 


it's falling ght againſt the Earth's centre, till it finally leaves the Earth. | 
7 True Time of Sun's true Diſtapceſ Moons true Latitude, 
4 22 New Moon. from the Node. | South, | 
——_ —ů—ů— — | — I 6 
2 £1” Month. D. H. M. 8s! Oo o © South. | 

36 [1944/July 6 17 50 35/11 29 55 280 o 24 8. A. | 
| 37 (1902|July 18 o 31 3801 29 2 350 5 2 8. A, 
38 98 0fuly 28 7 18 53/11 28 11 320 9 29 S. A. 
39 199 8]Aug. 8 14 12 2211 27 26 4100 13 25 8. A, 
40 2016][Aug. 18 21 14 53111 26 42 1600 17 18 8. A. 

| 41 [2034] Aug. 30 4 25 45j11 26 2 oo 20 48 8. A. 

| 42 |2052|Sept. 9 11 45 17/11 25 26 4600 23 53 S. A. 
43:]:070|Sept. 20 19 17, 26111 24 55 40 26 39 S. A. 
44 z088O Ct. 1 2 57 811 24 27 43] © 28 58 S. A, 
45 |[210bjOR, 12 10 47 3g9hil 24 4 3800 31 2 S. A. 
46 |2124|OA. 22 18 37 4oſtt 23 48 28] o 32 26 S. A, | 
47 [2142]Nov. 3 2 56 19% 23 35 1100 33 53 8. A. 
48 2160 Nov. 13 11 11 20, 23 22 220 34 42 S. A. 
49 2178 Nov. 24 19 36 1411 23 18 57 0 35 0 S. A, 
50 [2190]Dec. 5 4 4 g 23 14 40% 35 22 8. 4. 
51 2214/Dec. 16 12 35 48011 23 10 430 35 43 8. A. 
52 23 Dee. 36 20 409 ii 23 6 47 0 36 1 8. A. 

53 225 1½an. 7 „den %% 36 16 8. A. 
54 2269] an. 17 14 14 81 23 o 4100 36 35 8. A. 
55 (2287 /lan. 28 22 43 34 22 53 580 0 37 10 S. A. 
56 [2305]Feb;, 8 7 8 30]11 22 44 440 37 59 S. A. 
57 2323 Feb. 19 15 7 ien zz 31 10 39 8 8. A. 
58 234 [Mar. 2 0 6 51 22 17 4600 40 28 S. A. | 
59 2359 Mar. 13 7 59 171 21 55 290 42 9 8. A. 
bo [2377 Mar. 23 15 51 591 21 39 400 43 41 S. A. 
61 [2395|Apr. 3 23 45 7 21 530 46 58 S. A, 
62 [2413]Apr. 14 7 32 40011 20 26 22% 49 48 8. A. 
63 [2431[Apr. 25 15 12 57111 19 47 34] © 53 17 S. 4. 
64 244 May 5 22 45 14j11 19 6 22] o 56 50 S. A. 
bs 240% May 17 6 17 30011 18 21 16 1 0 40 8. A. 
66 [2485 May 27 13 46 29] 11 7 34 200 1 4 42 S. A. 
67 |2503|June 7 21 10 3il 16 43 1777 19P9 3 8. A. 

| 63 [25210 [une 18 4 24 4211 1 51 480 1 13. 26 8. A. 
69 25 30 [une 29 11 58 460611 15 1 12] 1 17 43 5. A. 
70 2557 [[uly 9 19 24 7111 14 9 13] 1 22 © 8. . 
71 [2575)July 21 2 52 34/411 13 19 22 1 26 16 S. A. 
72 259 f[luly 31 10 25 31111 12 13 43] 1 31 44 8. A. 
o 26110Aug. 11 1% 68 390% 1 48 13} 1 39 13 5 A. 
By the true Motions of che Sun, Moon, and Nodes, this Eclipie got: 
off the Earth four Periods ſooaer than it would have done by mean equa- 
ble Motions. | | | 
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From Mr. | . 8 | . 
G.S1rn's * mine ſome of the moſt remarkable circumſiang 


en Lehel, of the returns of the Eclipſe which happem 


on Eclipſes, 


Of Eclipſes. 
« To illuſtrate this a little farther, we ſhall To 


po "Sg July 14, 1748, about noon. This Eclipſe, afte 7. 
Lest « traverſing the voids of ſpace from the Crea. ; 
the Jear s at laſt began to enter the Terra Auſtralis Incy 66 
1748. 


ce ita, about 88 years after the Conqueſt, whic 
« was the laſt of King SrerneNn's reign ; ever 
& Chealdean* period it has crept more northerh 
but was ſtill inviſible in Britain before the yea 
„ 1622; when on the zoth of April it began u 
e touch the ſouth parts of England about 2 in the 
t afternoon; it's central appearance riſing in the 
& American South Seas, and traverſing Peru and 
&« the Amazon's country, through the Atlantic ocean 
*« into Africa, and letting in the Ethiopian cont- 
nent, not far from the beginning of the Red Sea, 
* Irs next viſible period was after three Chaltean 
e revolutions in 1676, on the firſt of June riſing 
ce central in the Atlantic ocean, paſſing us about 
« 9 in the morning, with four + Digits eclipſed on 
the under limb; and letting in the gulph of 
« Cochinchina in the Eaſt- Indies. 33 
elt being now near the Solſtice, this Eclipſe 
«© was viſible the very next return in 1694, in the 
« evening; and in two periods more, which was 
in 1730, on the 4th of July, was ſeen above half 
« eclipfed juſt atter Sun-riſe, and obſerved both 
% at Mirtemberg in Germany, and Pekin in China, 
« {ſoon after which it went off. N 
« Fighteen years more afforded us the Eclipſe 
„ which fell on the 14th of July 1748. 
The next viſible return will happen on Ju 
« 25, 1766, in the evening, about four Digits 
« eclipſed; and after two periods more, on Aug 


*The above period of 18 years 11 days 7 hours 43 minutes 
20 ſecond-, which was found out by the Chaldeans, and by 
them called Sares, | 
| A Digit is a-twelſth part of the diameter of the Sun i 


Mcon. 
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* 16th, 1802, early in the morning, about five 
Digits, the center coming from the north frozen 
* continent, by the capes of Norway, through 
« Tartary, China, and Japan, to the Ladrone 


„ iſlands, where it goes off. | 


two there will be another great Eclipſe at London, 
« about 10 Digits; but happening ſo near the 
Equinox, the center will leave every part of 
% Britain to the Weſt, and enter Germany at Emb- 
gen, paſſing by Venice, Naples, Grand Cairo, and 
« ſet in the gulph of Baſſora near that city, 


« Digits will be obſcured (the center being now 
« about to leave the Earth) on September 28. In 
« 1892 the Sun will go down eclipſed at London, 


« be in the expanſum, though there will be two 
Digits eclipſed at London, October the 31ſt of 


* yolution of 10 thouſand years. 

% From theſe remarks on the intire revolution 
* of this Eclipſe, we may gather, that a thouſand 
« years, more or leſs (for there are ſome irregula- 
* rities that may protract or lengthen this period 
«* 100 years) complete the whole terreſtrial Phe- 


* riods of 54 years each, and about 33 days, com- 
* prehend the entire extent of their revolution, it 
is evident that the times of the returns will paſs 


* every Chaldean period being ten or eleven days 
* later, and of the equable appearances about 32 
* or 33 days. Thus, though this Eclipſe happens 
* abour the middle of Fuly, no other ſubſequent 


of the ſame month again; but wear, conſtantly 
© Each period 10 or 11 days forward; and at laſt 


R 3 __ $® appear 


« Again, in 1820, Auguſt 26, betwixt one and 


« Tt will be no more viſible till 1874, when five 
« and again in 1928 the paſſage of the center will 
* that year; and about the year 2090 the whole 
„% Penumbra will be wore off; whence no more 
returns of this Eclipſe can happen till after a re- 


* nomena of any ſingle Eclipſe : and ſince 20 pe- 


* through a circuit of one year and ten months, 


* Eclipſe of this period will return to the middle 
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Why our 


preſent Ta- 
bles agree 
not with 
ancient ob- 
fervations, 
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appear in Winter, but then it begins to ceaþ 


from affecting vs. 


return, and often at greater diſtances. 


Another concluſion from this revolution may 


be drawn, that there will ſeldom be any mor 
than two great Eclipſes of the Sun in the inter 
of this period, and theſe follow ſometimes next 
That of 
1715 returned again in 1733 very great; but 
this preſent Eclipſe will not be great till the 
arrival of 1820, which is a revolution of four 
Chaldean periods: ſo that the irregularities of 


their circuits muſt undergo new computations 
to aſſign them exactly. 3 
Nor do all Eclipſes come in at the ſouth Pole: 


that depends altogether on the poſition of the 
lunar Nodes, which will bring in as many from 
the expanſum one way as the other: and ſuch 
Eclipſes will wear more ſoutherly by degrets, 


' contrary to what happens in the preſent caſe. 


« The Eclipſe, for example, of 1736, in S. 
tember, had it's center in the expanſum, and {et 


about the middle of it's obſcurity in Britain; it 
will wear in at the north Pole, and in the year 
2600, or thereabouts, go off in the expanſum on 


the ſouth ſide of the Earth. 
The Eclipſes therefore which happened about 


the Creation are little more than half way yet 


of their ethereal circuit; and will be 4000 years 


before they enter the Earth any more. This 


grand revolution ſeems to have been entirely 
unknown to the ancient. 
322. It is particularly to be noted, thatFcliplcs 


which have happened many centuries ago, wil 
not be found by our preſent Tables to agree ex- 


actly with ancient obſervations, by reaſon of the 


great Anomalies in the lunar motions; which 


appears an inconteſtable demonſtration of the 


cc 


non-eternity of the Univerſe. For it ſeems con- 


« firmed by undeniable proofs, that the Moon now 
“ finiſhes her period in leſs time than formerly, 


I | « and 
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ſooner and ſooner round it: nor will the centri- 


L fugal power be ſufficient to compenſate the dif- 
1 ferent gravitations of ſuch an aſſemblage of 
a Docies as conſtitute the ſolar ſyſtem, which would 
come to ruin of itſelf, without ſome new regu- 


lation and adjuſtment of their original motions *. 


« Eclipſe of the Sun predicted by THñA LES to hap- 
pen in the fourth year of the 48th + Olympiad, 
| _ FEES, | either 


* There are two ancient Eclipſes of the Moon, recorded by 
ge Moon's acceleration. The firſt of theſe was obſerved at Ba- 
hn, December the 22d, in the year before ChR IST 383: when 
he Moon began to be eclipſed about half an hour before the 
Sun roſe, and the Eclipſe was not over before the Moon fet : 


Babylon half an hour before the Eclipſe began; in which caſe, 
there could have been no poſſibility of obſerving it. The ſe- 


year before Car1sT 201 ; where the Moon roſe ſo much eclipſ- 
ed, that the Eclipſe muſt have begun about half an hour before 
the roſe; whereas, by moit'of our Tables, the beginning of 


at Alexandria. Had theſe Eclipſes begun and ended while the 
bare been fo far miſtaken in the hours, that we could not have 


felt Eclipſe the Moon was ſet, and conſequently the Sun riſen, 
before it was over; and in the ſecond Eclipſe the Sun was ſer 


ing the expreſs words of Prolemy, puts down theſe two Eclipſes 


2s obſerved at Athens; where they might have been ſeen as 


above, without any acceleration of the Moon's motion: Athens 


being 20 degrees Weſt of Babylen, and 7 degrees Welt of Alex- 


endria. 


+ Each Olympiad began at the time of Full Moon next after 


the Summer Solftice; and laſted four years, which were of un- 


equal lengths, becauſe the time of Full Moon differs 11 days 


every year: ſo that they might ſometimes begin on the next 


R 4 da 


and will continue by the centripetal law to ap- 
proach nearer and nearer the Earth, and to go 


tolemy from Hipparehus, which afford an undeniable proof of 


but by moſt of our Aſtronomical Tables, the Moon was ſet at 


cond Eclipſe was obſerved at Alexandria, September the 229, the 


this Eclipſe was not till about ten minutes after the Moon roſe 


Sun was below the Horizon, we might have imagined, that as 
the ancients had no certain way of meaſuring time, they might 


laid any ſtreſs on the accounts given by them. But, as in the 
and the Moon not riſen, till ſome time after it began: theſe are 


ſuch circumſtances as the obſervers could not poſſibly be miſtak- 
en in. Mr, Struyk, in the following Catalogue, notwichſtand- 
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323. We are credibly informed from the teſti- +... 
« mony of the ancients, that there was a total Eclipſe. 
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<« either at Sardis or Miletus in Alia, where Tra; Mi bei 
* then reſided, That year correſponds to th Wi: wh 
« 58;th year before CarisT ; when according Ec 
there happened a very ſignal eclipſe of the Sun, . {tr 
4 on the 28th of May, anſwering to the preſen cor 
% roth of that month“, central through No WW re: 
& America, the ſouth parts of France, Italy, &c. 2 
<« far as Athens, or the Iſles in the AÆgean Sea, re 
„ whichis the fartheſt that even the Caroline Table; m 
© carry it; and conſequently make it inviſible b th 
<< any part of Alia, in the total character; though 
I have good reaſons to believe that it extended 
<« to Babylon, and went down central over that city, 
& We are not however to imagine, that it was ſet 


day after the Solſtice, and at other times not till ſour weeks 
after it. The firſt Olympiad began in the year of the Julian 
Period 3938, which was 776 years before the firſt year of 
CHR1sT, or 775 before the year of his birth; and the Ii 
Olympiad, which was the 293d, began A. D. 393. At the ex. 
Piration of each Olympiad, the Olympic Games were celebrated 
in the Elan fields, near the river Alpheus in the Peloponne/us 
(now Morea) in honour of JuriTeR OLYMPUS, See STRAV- 
CH1IUS's Brewiarium Chronologium, p. 247—25l1, 
The reader may probably find it difficult to undeiſtand 
why Mr. Sm1TH ſhould reckon this Eclipſe to have been in the 
4th year of the 48th Olympiad, as it was only in the end of the 
third year: and alſo why the 28th of May, in the 585th year 
before CHRIST, ſhould anſwer to the preſent 1oth of that month, 
But we hope the following explanation will remove theſe difficul- 
we. EET | 
The month of May (when the Sun was eclipſed) in the 585th 
year before the firlt year of CarisT, which was a leap-yerr, 
tell in the latter end of the third year of the 48th Olympiad; 
and the fourth year of that Olympiad began at the Summer 
Solſtice following; but perhaps Mr. SwiTH begins the years of 
the Olympiad from Fanyary, in order to make them correſpond 
more readily with Julian Years ; and ſo reckons the month of 
May, when the Eclipſe happened, to be in the fourth year of 
35 that Olymprad. gt els 
8 | The Place or Longitude of the Sun at that time was 8 29? 
. 43 17”, to which ſame place the Sun returned (after 2300 
in | years, wviz,) A. D. 1716, on May 9d 5" 6" after noon : ſo 
5 that, with reſpect to the Sun's place, the gth of May, 1710, 
anſwers to the 28th of May in the 585th year before the firll 
year of CartsT ; that is, the Sun had the ſame Longitude on 
bath chaſe days. by 
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before it paſſed Sardis and the Afatic towns, 
where the predictor lived; becaule an inviſible 
Eclipſe could have been of no ſervice to demon- 
{rate his ability in Aſtronomical Sciences to his 
countrymen, as it could give no proof of it's 
reality. „„ 
324. For a farther illuſtration, TnhucrpipzEs Tuver- 
relates, that a ſolar Eclipſe happened on a Sum- x7 
mer's day in the afternoon, in the firſt year of 
the Peloponneſian war, ſo great, that the Stars ap- 
peared. Rropivs was victor in the Olympic 

ames the fourth year of the ſaid war, being alſo 
the fourth of the 87th Olympiad, on the 428th 
year before Cyr1sT. So that the Eclipſe muſt 


have happened in the 431ſt year before CHRIS TH; 


and by computation it appears, that on the 3d 


of Auguſt there was a ſignal Eclipſe which would 


have paſſed over Athens, central about 6 in the 


evening, but which our preſent Tables bring no 


farther than the ancient Syrzes on the African 
coaſt, above 400 miles from Athens; which 
ſuffering in that caſe but 9 Digits, could by no 
means exhibit the remarkable darkneſs recited 
by this hiſtorian ; the center therefore ſeems to 
have paſſed Athens about 6 in the evening, and 
probably might go down about Feruſalem, or 
near it, contrary to the conſtruction of the pre- 
ſent Tables. | have only obviated theſe things 
by way of caution to the preſent Aſtronomers, 
in re- computing ancient Eclipſes; and refer them 


to examine the Eclipſe of Nicias, ſo fatal to the 


Athenian fleet“; that which overthrew the Ma- 
cedonian Army , Sc.“ So far Mr. SMiTH. 


325. In any year, the number of Eclipſes of both The num. 
Luminaries cannot be leſs than two, nor more than res ef Ecir- 
kven; the moſt uſual number is four, and it is 


Ss 


very rare to have more than fix, For the Sun 
paſſes by both the Nodes but once a year, unleſs 


* Before CAI T 413, Auguſt 27. 
+ Before Cnaisr 168, June 21. , 
c 


of Eclipſes. 249 


250 


again a little before the year be finiſhed; becauſe, 
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he paſſes by one of them in the beginning of the 
year; and if he does, he will paſs by the ſame Node 


as theſe points move 194 degrees backward every 
year, the Sun will come to either of them 173 days 
after the other, 8 319. And when either Node is 
within 17 degrees of the Sun at the time of Ney 
Moon, the Sun will be eclipſed. At the ſubſe. 
quent oppoſition, the Moon will be eclipſed in the 
other Node; and come round to the next conjunc- 
tion again ere the former Node be 17 degrees paſt 
the Sun, and will therefore eclipſe him again, 
When three Eclipſes fall about either Node, the 
like number generally falls about the oppoſite; as 
the Sun comes to it in 173 days afterwards : and 


| x or 
fix Lunations contain but four days more. Thus 90 
there may be two Eclipſes of the Sun and one of Wil r;; 
the Moon about each of her Nodes. Burt when the E. 
Moon changes in either of the Nodes, ſhe cannot all 
be near enough the other Node at the next Full oj 
to be eclipſed; and in ſix lunar months afterward oy 
ſhe will change near the other Node: in theſe caſes E 
there can be but two Eclipſes in a year, and they Wl 
are both of the Sun. f. 


326. A longer period than the above-mentioned, 
§ 320, for comparing and examining Eclipſes which a 
happened at long intervals of time, is 557 years 21 
days 18 hours 30 minutes 11 &conds; in which f 
time there are 6890 mean Lunations: and the Sun 
and Node meet again ſo nearly as to be but 11 ſe- 
conds diſtant: but then it is not the ſame Eclipſe | 


that returns, as in the ſhorter period above-men- 
tioned: g : e 


327. We ſhall ſubjoin a catalogue of Eclipſes 
recorded in hiſtory, from 721 years before CHRIST 


to AH. D. 1485 of computed Eclipſes from 1485 


to 1700; and of all the Eelipſes vifible' in Europe 


from 1700 to 1800. From the beginning of the 


Catalogue to A. D. 148g the Eclipſes are taken 


from STRUYK'S Introdutiion to univerſal Geography, 


as 
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ollected them from Ptolemy, Thucydides, Plularch 


Eclipſes are taken from Ricciolus's Almageſt : and 
from 1700 to 1800 from L' Art de verifier les Dates. 


where they were obſerved : Thoſe from the French 
authors, Viz. the religious Benedictines of the Con- 
gregation of S. Maur, are fitted to the Meridian of 
Paris: And concerning thoſe from Kicciolus, that 
author gives the following accounts 
« Becaule 1t 1s of great uſe for fixing the Cycles 
or Revolutions of Eclipſes, to have at hand, with- 
out the trouble of calculation, a hiſt of ſucceſſive 
Eclipſes for many years, computed by authors of 
Epbemerides, although from Tables not perfect in 
all reſpects, I ſhall, for the benefir of Aſtronomers, 


give a ſummary collection of fuch. The authors 1 


extract from are, an anonymous one who publiſhed 
Epkemerides from 1484 to 1506 incluſive: Jacobus 


Pflaumen and Jo. Steflerinus, to the Meridian of Vm, 


from 1507 to 1534: Lucas Gauricus, to the Lati- 
tude of 45 degrees, from 1534 to 1551: Peter 
Appian, to the Meridian of Ley/ing, from 1538 to 
1578: Fo. Steflerus, to the Meridian of Tubing, 


from 1543 to 1354: Petrus Pitatus, to the Meri- 


dian of Venice, from 1544 to 1556 : Georgius-Joa- 
cbimus Rheticus, for the year 135 1: Nicholaus Simus, 
to the Meridian of Bologna, from 1552 to 1568: 


Michael Mæſtlin, to the Meridian of Tubing, from 


1557 to 1590: Fo. Stadius, to the Meridian of 
Antwerp, from 1554 to 1574: Jo. Antoninus Magi- 


nus, to the Meridian of Venice, from 1581 to 1630: 


David Origan, to the Meridian of Iranckfort on the 


Oder, from 1595 to 1664: Andrew Argol, to the 


Meridian of Rome, from 1630 to 1700: Franciſcus 
Meontebrunts, to the Meridian of Bologna, from 1461 
o 1660: Among which, Stadius, Myjtin, and Ma- 


ginus 


Thoſe from Struyk have all the places mentioned 
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« that indefatigable author has, with much labour, An account 
ot the fol- 
2 lowing Ca- 


aloifus, Xenophon, Diodorus Siculus, Juſtin, Polybius, talogue of 
itus Livius, Cicero, Lucanus, Theophanes, Dion 
Caſſius, and many others. From 1485 to 1700 the 
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ginus, ofed the Prutenic Tables; Origen the Pry. 
nic and Tychonic ; Montebrunus the Lanſbergian, » 
likewiſe thoſe of Duret. Almoſt all the reſt the 
Allphonſine. | 

But, that the places may readily be known for 
which theſe Eclipſes were computed, and from what 
Tables, conſult the following Liſt, in which the 
years incluſive are alſo {et down. 


From: 1e | 

1485 1506 The place and author unknown, 
1507 1552 Ulm in Suabia, from the Alphonſine, 
1554 1576 Antwerp, from the Prutenic, 

1577 1585 Tubing, from the Prutenic. 

1586 1594 Venice, from the Prutenic. 

1595 1600 Franctfert on the Oder, from the Prutenic, 
1601 1640 Franckfort on the Oder, from the ychonit. 
1641 1660 Bologna, from the Lanſbergian. 
1661 1 700 Rome, from the T Ychonic. 


So far 8 


N. B. The Eclipſes marked with an Aſteriſk are 
not in RiccioLvs's Catalogue, but are ſupplied 
from L' Art de verifier les Dates. | 


From the beginning of the Catalogue to A. D. 
1700, the time is reckoned from the noon of the 
day mentioned to the noon of the following day: 
but from 1700 to 1800 the time is ſet down ac- 
cording to our common way of reckoning, Thoſe 
marked Pekin and Canton are Eclipſes from the 
Chineſe chronology according to STRuyk ; and 
throughout the Table this mark & ſignifies Sun, 
and this 9 Moon, | 


STRUYK'S 


Of Eclipſes. 253 
STRUYK's Catalogue of EC LIP SES. 1 
Boi, (Eclipl IM Dios 1 
Bet, Eclipſes of the Sunj |} Middle] Digits 4 
Ch. | and Moon ſeen at M. & P. H. M. edipſed | 1 
— e Rs 11 
721 Babylon D March 19010 34] Total | | (i 
:20 [Babylon ) [March 8]11 566 1 5 | 1 
720 [Babylon |» jSept. ajio: 18] 5 ( 44 
621 Babylon {)jApr. 21018 22] 2 36 | 
-23 [Babylon Ib Poly 16012 47] 7 24 
02 Babylon Nov. 1912 210 1 52 
491 [Babylon IDjJApril 25[12 12] 1 44 4 
131 [Athens J&3jAug. 36 35] © 0 
425 Athens » IR. 9 6 45 Total | 1 
24 Athens March 20020 17] 9g o 0 
113 Athens Aug. 2710 15] Total f 
406 [Athens D Apr. 15] 8 50 Total 5 
404 [Athens  [$3|Sept, 221 12] 8 40 + 
403 Pekin Aug. 28] 5 53Þ0 40 4 
[1394 [Gnide % Aug. 13/22 1711 © 4 
383 [Athens Dee. 2219 1 2-- 1 4 
382 [Athens Dune 1868 54 6 1 1 
382 [Athens | d[Dec. 12010 21 Total 173 
364 [Thebes | July 12023 51] 6 10 0 
357 —— | [Feb. 28022 — [3 33 10 
357 Cant Abg. 297 29 4 21 i 
340 Zant 'G; Sept, I4 18 — 9 © % 
31 Arbela DSept. 20010 gf Total 1 
310 [Sicily Iſland Au 14/20 go 22 5h 
219 Myſia ») [March 19]i4 5 Total "i 
218 Pergamos ) [Sept. |, 1| riſing | Total 1 
217 Sardinia tjFeb, 111 57/9 © 4 
203 |Frufini May 62 52] 5 40 15 
202 |Cumis [Oct. 18022 244 1 0 bY 
201 [Athens Dept. 22] 7 14] 8 58 41 
200 [Athens ) |March 19]13 9 Total 1 
200 Athens Dept. 1114 48 Total 1 
Aug. 6 — 9 
March 1318 — l ol 9 
t2|July 1620 38010 48 p01 
April 3zoſigq 33] 7 1 RI 
Dune 21] 8 2 Total "of 
Pan. z27jio 8 3 26 4. 
Gljuly 18]22 ci 52 ay 
»d]OR. 27] 6 22] Total [4 
March 16] ſetting [Central | 
May of 3 41] Total | 
 [{$|March 3] 2 12] 9 ©] 
Van. 18]10 of Total 
Nov. 6814 —[ Total 
May 19] 3 521 6 ay 
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| Eclipſes of the Sun 
and Moon ſeen at 
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810ſParis 
8 10lParis | 
$12 Conſtantinople : 
813 — 
817 [Paris 

818 Paris 
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883 Arracta 


889 Conſtantinople 
89 1|Conſtantinople 


985 Meſſina ; 
4 g85g|Conſtantinople_. 
| 99c}Fulda 
| 9go[Fulda '* 
990 Chabantivople 
995]Augſburgh 
100g|Ferrara 
f(101c]Meſſina 
1016|Nimeguen 
Nimeguen 
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Att. 


Eclipſes of the Sun 


Middle Digits | 


Chr. | and Moon ſeen at M. & D. HJ. M. eclipſed 
1023 London Jan. 23]23 29011 — 
10z0]Rome | DjFeb. 2ofir 43] Total 
0j [Paris D Feb. 11 81 Total 
1033 [Paris | Dj}Dec. 811 119 17 
10z4[Milan Dune 449 g Total | 
1037] Paris April 17]J20 45/0 4514 
1039]Auxerre Aug. 21023 400% 5 
og Rome Iban. 816 39] Total | 
1044|Auxerre DjNov. 7116 12jto 1 
10440 Cluny Nov. 21022 1211 —þ 
lioz[Nuremburg D [April 212 gf Total 
1003 Rome Nov. 8/12 16] Total | 
,074|Augſburgh Do. 710 13] Total | 
:080|Conſtantinople 'Þ |[Nov. 2g|11: 1269 36 
11082|London  [Þ|May 14010 32hio 2 
[1086|Conſtantinople , [|&#|Feb. 16] 4 7 Total 
1089]Naples _ DjJune 25] 6 6 Total 
109 3[Augſburgh &+|Sept. 22022 38/10 12 
18961Gembluors D|Feb. 1oji6 4 Total 
1096]Augſburgh DAug. 6] 8 21] Total 
1098]Augſburgh Dee. 25] 1 ie 14] - 
1099]Naples IDNov. 3of 4 58] Total | 
1103]Rome D |Sept. 17/10 18] Total 
1106jErfard Þ|July 17110 28011 54] 
1107]Naples DjJan. 10013 16] Total 
tlog]Erfurd | May 31] 1 3010 20] : 
London DIMayß 5/10 510 Total | 
[113]jeruſalem March 1819 of 9 12} 
1114London DjAug. 1715 5 Total 
11% Trier D June 15/13 26] Total 
[117] Trier TDJDec. 10j12 51] Total | 
[118]Naples | DINov. 2g|i5 4060 4 11 
1121]Triers . Þ |Sept. 27/16 47] Total 
1122]Prague {1D [March 2441 20 3 49 
1124 Erfurd Þ|Feb. 16 43 39 
zALondon Aug. 10ſ23 29] 9 53} 
1132 Erfurd DIMarch 3| 8 14] Total 
113 Prague Id ffeb. 20016 gi] 3 23 
zy London Id Dec. 22120 11 Total 
142 Rome {DJFeb 1114 17 8 30 
1143]Rome Dj}Feba 1 6 306] Total 
14% Auranches Iod. 25022 38] 7 20 
1490 Bary 5 March 28013 54] 5 29 
z iEimbeck D Aug. 28012 4| 4 29 
15 Augſburgh lab. 2600 4211 — 
[154]Paris AE D[June 26616 1] Total 
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Aft. Ecliples of the dun | e Di Its 
[Chr.] and Moon ſeen a: M. & P. „ Mee 
1154 Paris DDec. 21 8. 
1155 [Auranches June 16 
1160 Nome D Aug. 18 
[1161]Rome )jAug. 7 
{1102jErfurd -] »|Feb. ; 
11162|Erfurd Daly 271 
1163 Mont Caſſin [8\July 37 
1164 [Milan DJane 610 
11680London _ | jSept, 1814 
1172 Cologne Dan. 1113 
[1176|Auranches DjApril 25 7 
11760Auranches Oc. 19 11 
11780 Cologne March 5 l ſetti 
1178|Auranches Aug. 29 
1178|Cologne_ Sept. 12 
1179 Cologne D Aug. 1814 
11800Auranches ban. 28] 4 
{1181jAuranches -Ti*hJuly 133 
1181]Auranches. DiDec. 22 8 
1185;]Rhemes _ [May 11 1 
1186|Cologne _ ) [April 5 6 - 
1x186;Franckfort April 200 7 
1187 Paris D March 2516 
_ [1187]England - ZjSept. 321 
1189 EKogland | Feb. 2110 
[1191]England June 23] 0 
11192{France Nov. 2014 
11193|France „Nov. ice 
1194 London April 22] 2 
i zoo London n., © 2[17- 
201 London Dune 17/5 
1204 England April 15/12 
[1 z0ꝗ4Saltzburg Oct. 10] 6 
_ 1207|Rhemes Feb. 2710 
208 [Rhemes eb. alc! 
1211 Vienna | D[Nov. 21013 
215 [Cologne D [March 16015 
1216 Am [&#}Feb, 18021 
[1216 Acre 7 5 March 5 
1210 Damiẽtta D [July 9 
1222 Rome DOct. 2214 
1223 Colmar D]April 16 
1 228|Naples Dec. 27 
1123c|}Naples May 1317 
12300 London D Nov. 2113 
1232 Rhemes [Oct. 15 


Of Eclipſes. 
srkork's Catalogue of E CLIPS Es. 


Aft, Eclipſes of the Sun 
hr, | and Moon ſeen at 


245][Rhemes 
248 London 
25 7/London 
255 Conſtantinople 
1253) Augſburgh 
261]Vienna 
1262 Vienna 

262 Vienna 
ö 263 Vienna 
ö 203 Augſburgh 
263 Vienna 

265 Vienna 
1267 Conſtantinople 
270 Vienna 

272 Vienna 

1274 Vienna 
1275 Lauben 

1270 Vienna 
1277 Vienna 
1279 Franckfort 
1280 London 
1284 Reggio 
290 Wittemburg 
1291 London 
oz Conſtantinople 
1307|Ferrara 

zo) London 
309 Lucca 
zie Wittemburg 
Iz 10 Torcello 
z io Torcello 
1312]Wittemburg 
[312|Plaiſance 
13130 Torcello 
z 160Modena 
12 0Wittemburg 
1323 Florence 
1324 Florence 
324% Wittemburg 
1327 Conſtantinople 
328 Conſtantinople 
13;0|Florence _ 
1330|Conſtantinople 
1330]Prague 
33 iſPrague 


0331 Prague 


hs pled 


Digits | 


Total 
Total 


M. & D. Af 
24117 47 
71] 8 49 
2019 47 
30] 2 52 
1811 17 
3122 40 

e 
3014 39 
24 6 52 
5|3 24 
2-7- $$ 
23116 25 
24423 11 
22]18 47 
1067 27 
2319 39 
446 20 
2215 — 
18 
12] 6 55 
17112 12 
23116 11 
$119. 37 
1440 -2 
14410 25 
2122 18 
24[17 44 
21010 32 
30 3-3 
144 8 
1015 33 
4419 49 
1447 19 
3] 58 
"74-9 
25118 1 
20015 24 
"Y 0.53 
23] © 35 
3118 26 
25/13 47 
zoll5 10 
1664 5 
25]15 49 
29120 26 
1418 — 


Total 


10 40 


Mo.:00- 
Total | 


Annul 


89 
Total 
Total 
6 29 
11 17 
7 


IT 40 
8 8 3 
9 25 
4 29 

Total 


1 
10 30 
Total 


D 84 
Total 


Total | 
10 10 


10 20 
7 16 
. 

Total 


11 17 
Total 
Total 


1 0 


10 43 
Total 


7 41 


II — 


9 
Total] 


Total | 


Total | 


9 34] 
Total | 


. 
Total 


1 1 —ſ 


STRUVKE'S 


* 
Vi 
* 
'"s 
#-4 
+ IJ 
* 
1 
* 
? 
bo 
1 
* 
1h 
i 
T1 
9 * 
; 
+ 3 
i» 
iT. 
1 
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STRUYK's Catalogue of EC LIPS ES, 
Alt.] Eclipſes of the Sun | . & D. Middle. Pied 


Chr.] and Moon ſeen at H. M. ſeclipſel 
41323 Wittemburg May „„ 


April 19110 33 Total 
Nov. 23 [tz 23 Total 
Dec. 8[22 15/6 3o 
May 2014 27 Total 
Oct. 618 40/8 g 


1334 Ceſena 

134 10Conſtantinople 
13410Conſtantinople 
1342 Conſtantinople 
1344 Alexandria 


349 Wittemburg June 3012 20 Total 
13540 Wittemburg Sept. 16020 45/8 43 
[1356|Florence Feb. 16[11 43] Total 
13610Conſtantinople May 4022 15/8 54 
1367|Sienna Jan. 26] 8 27 Total 
!339]Eugibio Nov. 3[17 <5] Total 
1396 Augſburgh jan. 11] © 16] 6 22 
1306Augſburgh Done 211 10 Total 
1399 Forli Oct. 29] © 43] 9 = 
1 400|Conftantinople ſune 113 —ſto 31 
1406|Conſtantinople June 15]18 1jt11 38 
1408 Forli Oct. 18021 479 320 
1409 Conſtantinople April 153 110 48 


March 20013 13 Total 
June 66 43] Total 
March 2522 5 1 45 
Feb, 17] 8 2 Total! 
Feb, 6 8 2611 7 
June 26} 3 57/11 20 
Feb. ia 2. 

June 17] 5 _ Total 


t410 [Vienna 
I415{Wittemburg 
1419|Franckfort _ 
1421|Forli 
1422|Forl! "Xs, 
t424|Wittemburg 
143 10Forli 

1433 [Wittemburg 
1438] Wittemburg 


r . .. wot | 


1442 Rome Dec. 17] 3 56ſ/ Total 
11448]Tubing Aug. 28022 23|8 53 
 [1450|Conftantinople July 24| 7 19 Total 

1457]Vienna Sept. 31 17] Total 
_ [1460ſAuſtria ſuly -':3l 7 315-33 

1460]Auſtria July 17/7 3211 19 
[146c[Vienna | Per. 27/13 300 Total 

14610 Vienna June 22011 50 Total 
146 [Rome Dec. 17 Total 

14620 Viterbo June 11015 —| 7 38 
1462 Viterbo Nov 21 0 10% 6 
|: 464jPadua April 21012 43] Total 

146;|]Rome _ [$-]Sept. 20 5 15] 5 40 

 {1465]Rome Oct. 4 12] Total 


5 
469 Rome lan. 27] 7 9 Total} 
148 lNerimburg March 16] 4 l 


All 


Of Eclipſes. LE | 
al the following E C LIPSES are taken from RiccioLvs, 


except thoſe marked with an Aſteriſk, which are from \ 
[ Art de verifier les Dates. 1 


ft. [Middle Digits att. Middle] Digits“ j 
IChr, M. & P. H. M ſeclipſedſ Chr. * H. M. eclipſed 0 
14800) Feb. 18] 5 41] Total 150804 May 296 — ® | N 
14860 Mar. 5117 43] 9 © 15080 lune 12017 40] Total | 
11487] D [Feb. 71's 49 Total |[1;09] »|June 2j11 1117 © 

1487 faly 20 2 7 --© 50g Nov. 112 — * 

1488] ) [an. 286 — * i510 DOct. 16019 — * 

88/&2|July 8017 3004 5110) Oct. ii go] Total 

1489] ) [Dec. 7117 410 Total [i512] |Sept. 25] 3 56] Total 

11490]t3|May 19] Noon | * 1 13 Mar. 70 3006 © 

40 Done 2010 6] Total 5 13 0Iuly 30] 1 — © 
[11490] ) |[Nov, 26118 25 Total Fligis] Dan. 29 Is 18] Total 

40 Mar. S| 2 192 [1516] Dan. 19% 9 Total 

1491] Þ Nov. 15118 — Bs 15160 Daly 13011 37] Tote! 

1402 C[Apr. 26] 7 —| ® [15106 Dec. 23] 3 47] 3 

1492]{Z]ORt, 200.32 —| * _ F 5ſ lune 18016 —|* _ 

1493] D [Apr. 114 of Total 1517 )|Nov. 2719 — N. 

103% Oct. 10] 2 4008 95180) May 2411 19] 9 11 

10 4% Mar. 7] 4 12] 4 Ofj518 june 717 5661 of 

1404] ) |Mar, 2114 38 Total 15 191% May 28] - 

1494] ) |>ept. 14019 45 Total ig 195 Or. „ 3 0 | 
1495] D |Mar. 19116 —_|* i519} Nov. 666 24] Total þ 
405 aug. 1917 —| ® ae err, 777 4 
1496] [Jan 29]14 3 5200 Oct. 11] 5 22] 3 1 
140% Dag. 18] 6 38 Total 5 200 JOR. 2519 — * 4 
1497|&51July 29] 3 232 © 15 200 DIMar. 21[17 — * 1 
1400 June 22117 —| * 121 UApril 6% — 5 4 
1400 & [Aug. 23118 — * 1521[ElSept. 30 3 — © 10 
1499] ) [Nov. 1710 — * i522] D Sept. 5/12 17 Total 1 
t50olf|Mar. 2] In the] Night [1523] 0 Mar. 1] 5 26] otal * 
oc) [Apr. 111 AI Noon 5230 D [A üg. 25015 234 Total 9 
15000 ) Oct. 814 21 cs 24% [Feb. 41 — bl 
150i] May 20% 49] Total [1524] Þ aug. 16616 —|* |} % 
1502\$:}Sept, zolig 45110 Offi 525 „ 2114 71 i 
1502] ) [Oët. I5]12 20] 2 offi525| Daly 410 10] Total 1 
1503] D|Mar. 129 — 1525 D Dec. 290 45] tal 4 
t503/8:]Sept. 1902 —| ® 1526]. )|Dec. 18010 30 Total h 
1504] D|Feb. 29113 36] Total 527. Man. 0-37 0 
t504/5|Mar, 16] 3 — * 1527 D [Dec. 710 - * 
t5og| Aug. 14] 8 18, Total % 52808. May 17/20 — © 2 
50% [Feb. 715 — * 1529 DOG. 16/20 231 55 | 
50 July 200 3 1% 2 0/15 300% Mar. 28118 23] 8 24 | 
1506] )[Aug, 3gJ1o —| © 15300 OR, (2 11] Total | 
50% [czſlan. 1219 —| © r 

1508|83|Jan. 2 4 — * 153 2[CHIAug. 30 491 3 35 


8 3 —_— 


262 Of Eclipſes. 
RiccroLus's Catalogue of E CLIPSES, 
by Att. . |Middle] Digits Aft. | Middle | Dior Tg 
| br.] Df M.|-cliptec Chr. ba. * H. M. . E 
> 11533] )|'ug. 4[11 gc| Total N|igg6;$3iNov. 1118 of g ul 155 
pl 1533] Aug. 1917 — * 556% Nov. 16012 446 158 
J Ir z4% % Jan. 14] 1 42] 5 4 isi O&. 2oſzo -h 15 
1 453440 an. 2914 25 Total 558 April 21 ofg 50 155 
Fa 1535|*}June zol Noon? 18 April 1861 — * 155 
7 1535 DIJuly 14] 8 —| * fs 59D [April 1664 50 Total 15 
2 1535] Dec. 24] 2 — * [11560] DMar. 11015 40 4 1; 15 
i} 15368 une 18] 2 2| 8 ofjt560[ti|Aug, 21] 1 of 6 2; 15 
4 11536] D Nov. 27] 6 2110 151560 Dept. 47 -. 15 
. 1537] DMay 24] 8 3 Total 561% Feb. 1319 — * 15 
("WF 1537] une 718 — * s aFeb. 35 - 15 
5 1537] D Nov. 1614 $55} Total [j1g62[ D[july 15/15 500 Total 15 
115 380 D May 13]14 24 3 1563IU[[an. 22019 — * 15 
76 3800 Nor. 6| 5 31] 3 371563] [une 20] 4 50 8 33M | 
. 15 397 April 88 4 33] 9 offi1563]}DfJuly 8 411 3. 10 
oh 1540j&#|April 6617 15] Total 1565 Mar. 7/12 530— I 
Rt 1541}-);Mar. 1116 34 Total [1565 D|May 14j16 — * 4 
My 1541½%% Aug. 21] o 56] 3 1565] D[Nov. 712 4601 40 f 
. 1542 D[Mar. 1| 8 46861 38/5660 D [ OA. 28] 5 38 Total 
0 1542%%% Aug. 1017 — © 15607 / Y April 8123 46 34 i 
if 1543] D|July 15116 — * 1567] DOct. 17/13 43] 2 4 
1544\D|Jan. gj18 13] Total 568 Mar. 28] 5 — * : 
[1544|8&5|Jan. 2321 16:1 17/1569 D{Mar. 2j15 18] Total | 
1544] {July 4] 8 31] Total 570) Feb. 200 5 46, Total 
1544] D Dec. 28018 27 Total {1570} D[Aug. 15] 9g 17] Total 
[1545|i;*June 8020 48] 3 45/157 i[ lan. 25] 4 —| * 
1545 D Dec. 19118 —| * 1572 [an. 1419 —| * 
1546⁰⁹ꝰ—u May 30 5 — * 1572] Dune 259 of 5 26 
15460%⁹% (Nov. 2223 — * 1573] [une 28018 —| * 
54) May 4010 27] 8 01573 Nov. 244 — * 
1547 DOct. 28] 4 560611 341573 D Dec. 8 6 51 Total 
1547. Nov. 12] 2 gf 9 30/574] Nov. 13] 3 500 5 21 
11548]&*|April 8] 3 — © 157 J MZ/V 19] 8 —| * 
1548] D|April 221 24 Total 57 5EENov. 2| 5 —| *© 
_ 11549] D [April 11ji5 19] 2 off1576] DIJOR. 719 45] 
[1549] DJOR, 6] 6 — * 1577] DjApril 2| 8 33 Total 
15 00% Mar. 1620 — * 11577] Þ [Sept. 26013 4/ Total 
1551) )j|Feb. 200 8 210 Total 15780 DISept. 15[13 4 2 20 
[1551]8;#|Aug. gi] 2 oi 521579 [Feb. 15 5 418 36 
15 5 30] lan. 1222 54 2215790 Aug. 2019 of * 
1553 ſuly 10] 7 — * 15800) Jan. 3100 7 Total 
15530 [July 246 of o 310158100 lan. 19] 9 22 Toa 
1554%%% Jone 2g] 6 —| * f580D luly 15117 51 Total | 
1554] D [Dec. 8013 70 n2jji582})jfJan, B8jio 29] 0 53 
1555] Dune 415 of Total 158 2c [one 917 $7 5 
ssl Nov. 1319 —| *_ 115830 ) Nov. 28121 51 Tots! 


Riccioulus's 


Of Eclip/es. 
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RiccroLvus's Catalogue of EC LIPSEsS. 
a M:dae | igitis att. Middle] Digits 
; 0's ah H. M. eelipled Chr. nl o. H. M. cclipied 
t May 9018 28] 3 36 1601 ) June 15156 19 4 52 
D Nov. 17114 15 Total 160105 June 290 China] 4 29 
ge Apr. 29! 7 53/1 716010) Dec. gf 7 6ho 53 
„May 13] 5 96 $54] 1601;£x;Dec. 24| 2 46 
(| D jSept. 27] 8 —| * 11602 ay - gy 
#£10&. 12] Noon | * 1505 D {June 18 
) jSept. 169 28010 2|1602|#;|[une 10 N. Gra. 
Feb. 26] 1 23] 1 3|j1602|g:{Nov. 13. Magel. 
) |Mar. 12j14 14 Total 1602) Nov. 2810 2 
Sept. 4/17 30 Total Ho May 10! China 
4. Aug. 10j18 —| * 1603] ) May 24011 41 
Aug. 25 8 113 540603 2% Nov. 3 Rom. J. 
Feb. 45 — © 1603 ) [Nov. 187 31 
) July 1667 4] 3 54/1 O AI- April 200 Arabia 
July 3019 57/10 27/6045 OA. 22 Peru 
Jan. 9 6 21] 40/1605) [April 349 19h 
Dijuly 6,5 8] Total 160 April 18 Madag. 
L July 20 4 21 of 1605| y|Sept. 27 4 27 
Dec. 29016 11 Total Oe. 120 2 32 
June 24410 13] 8 5801606844 Mar. 8 Mexico 
Dec. 38] 7 245 54% 606 D IMar. 24411 17 
zIMay 30] 2 30] 2 38|1606|z3|Sept, 2jMagel. 
„ May 194 580/10 23]1606|zx|Sept. 2JMagel. 
Oct. 28019 15 9 4016060) Sept. 16015 6 
6% April Ter. de} Fuego 1607]f3|Feb. 2521 48] 1 
April 24] 4 12 Total 1607 D |Mar. 13 364 
May 722 —| * h|1607|$3}Sept, 5015 40 
Oct. 2| 2 4| 5 18/608 Feb. 15 at the Antipo. 
| JO. 18020 47] Total [1608] [July 27] o 3o| 1 53 
Mar. 28 In | Chili [}1608|F%|Aug, 94 39] 0 40 
April i2| 8 526 46g D Jan. 195 21010 32 
4] Sept. 21 In | China iGO Feb. 4 Fuego| 22 
Oct. 6/21 15] 3 3301609 {July 16012 8 Total 
9% Mar. 1- St. Pet.] Iſle |{1609|t*|}July 30 [Canada] 4 10 
Sept. 110 Picora | 9 49% 609, ¶Dec. 26 Ig 5 50 
Feb. 20018 1210 551610 Dan. gf 1. 31] Total 
e Mar. 6022 12011 5707610 June 20] Java 10 46 
Aug. 166 1. 15 Total |1610| Y|july 5Ji6 58011 130 
Aug. 310 Magel.] 8 34610 dec. I5 [Cyprus] 4 50 
) |Feb. 10018 21] Total 1610] Dec. 2916 47 4.43 
July 22] 4 31] 4 18161185 une 10 alifor. i: 30 
Aug. 6 Total 1612 DIMay 14010 38] 7 22 
% Jan. 15] Java [11 4801612 May 29023 38] 7 14 
Jan. 30] 6 4o| 2 58/1612 )|Nove & 3 22] 9 49] 
july 100 2 1o| 5 39612 Nov. 22|Magel.] 9 9 
lan. g{[Ethiop.| g 401613“ CzIApr. 20] Magel| Janica | 


Of Echpſes; 
Niccrorus's Catalogue of ECLIPSES, 


| [Middle | Digits [Aft Middle | Digit, 
MS 3H H. M. cp Chr. *. & D. f. M. cine 
May 40 3 5 Votal 
May 19 Ealt| Tartary 
Oct. 13 7 Amer. 
Oct. 28 19] Total 
\pril 'ﬆ[N. Gui.| 8 44 
April 2317 36] 5 25 
It. 3 5715 
. 171 4 0 
Mar. 29 Goa 10 38 
5ept. 22] Salom | Iſſe 
Mar. 31 58 Total 
Mar. 17|Mexico| 6 47 
Aug. 26010 33 Total 
Sept. 10[Magel. [1o 33 
. Mage! lanica 
Feb. 200 1 49] Total 
Mar. 6222-1 | 


was otgagapanrnd hematoma) om 
Ci Mar. £&[Florida | 
) |Miar, 2314 112 1 
Sept. 1| St. Peſter's Il. 
D |[Sept. 16011 4105 {4 
Feb. 25|Madag.| 8 2, 
D Aug. 7]7 480 0 25 
Aug. 21] In Mexico 
D Jan. 3011 38010 2 
1627] [Feb. 15] Magelllanica 
U 
8 
4 
U 
4 
» 
& 
E 


— 


July 27/9 4 Tota 
„Aug. 11 Cenducſto » 
an. 6 Tenduc 5 40 
Jan. 20010 11 Total 
July 1]C.Good|Hope 
July 16811 26 Total 
Dec. 25] In England 


.- 
DESI —— 


1617] Aug. 1[Biarmia| * 102g|t5June 110 Ganges 2; 
| Aug. 16] 8 22] Total 16 29 Dec. 14] Peru 0 14 
Jan, 26] Magel|lanica 1630) May 25]17 56|6 © 
Feb. 9.3 29 2 5$7]|103o[i*|june 1007 479 8 
(1615]&}July 21]Mexico|- 1030] D[Nov. 1911 2409 27 
11 lan. 1 15 California [163c|##|]Dec. 3 JN. Gui. 10 10 
June 26012 400 5 10/1763 [April 30] Antar, | Circle 
July 11] Africa [1z 39163 [ D|May 15] 8 15/ Total 
Dec. 20015 53/10 47/163 i Oct. 24|C Good|Hope 
May 31] Arctic] Circle [1631] D Nov. * o Total 
June 14113 47 Total 163 20% April 19. C Good|Hope 
June 29fMagel. 7 200/1632 D May 4] 1 24 6 35 
Dec. og 6 39 Total 163 2 Oct. 13] Mexico] 8 37] | 
Dec. 23] Mage] |lanica 1632) [Oct. 2/12 2305 31 


| $'- 44-4 39 

Oct. 3[Maldiv.| Total 
Mar. 1449 3511 18 
Mar. 28 Japan [io 19 
Sept. 7| 5 of Total 
Sept. 22[C. G. H.] 9 54 
Feb. 17 Antar. Circle 
Mar. 39 26 
Mexico] o 16 
Aug. 12 Iceland * 

Aug. 2716 4 

Feb. 6 Lig Peru 


— 
Q\ 
(0) 
IG 
bag, 
2. 
> 
ge 
wy 
— 
— — 
Co 


May 2o[14- 54110 44 
June 3|19 42] 9 53 
Nov. 13| Magel | lanica | 
Nov. 28015 43 3 38 
May 10jC.Verdjit 52 
Nov. 2| Malacca In. 
April 141 7 190 54 
april 29] —— |— 
Oct. 8 o 22] 8 35 
Oct. 23|Califor.J1o 46|j1 
May 18]N.Zem.|] 6 o 
April 3| 7 gf Total |}! 
April 17] Antar. | Circle [[1636] ) Feb. 20011 34] 3 23 
Sept. 12 in 16360 Aug. 1 Fartaryſ1 20 
Sept. 2618 56 1239 D Aug. 10 43411 2 
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Ricciolus's 


Of Eclipſes. 

RiccioLvs's Catalogue of ECLIPSES. 
"AE Middle | Digits || Arc. | | Middle | Digits | 
* M. & P. H. M. ſeclipſedſü Chr. M. & D. H. M. eclipſec | 
1637]{#{Jan. 26] Camſboya 1649 & [June gArt.C.|.4 C 
1637 U¹ July 2 1Jucutan 16049 f Nov. 4] 2 100 5 19 
1637] ) Dec. 31]. © 44110 451049] 0 [Nov. 18019 560 Total 
1638 fc [an. 14] Perſia | & 45}}1650[2[April 305 54 — 
1638] Þ|June 25/20 17] Total fio;of d[May 15] 8 377 57 
163853] July 11 1 g $1650] POR. 24117 a 
(638]z|Dec. 5 Lellan.] 2 1cſ|t65of y[Nov. 7/20 2 5 23 
16380) Dec. 2o[i5 16 Total [65 April 19 Tuber. | 
1630; Jan. 4[Tartary] o 30165 i Oct. 14] 2 15 — 
130% June 2] 5 29/10 4c 105 2D [Mar. 2416 52] 8 50 
1636) June 15] 2 41% 9165 [April 722 409 59 
10 30% Nov. 24 Magel. II c65 ][) Sept. 17] 7 27] 9 40 
1639] ) [Dec. gil 57] 3 46/165 2 [Oct. 205 2 
1640/t|May 200 N. Spa. io 30165 3ſeaFeb. 27 
16400 Nov. 13] Peru 210 36653) Mar. 1317 gf Total 
1641 » April 25 SE 9 49 16530222 Aug. 221 — | 
16410 May 9 Peru [io 16105 3] )[Sepr, 6j23 450 Total 
16410) [Oct. 18] 8 19] 6 311654055 [Feb. 169 1c PRO 
16411£x]Nov, 2418 46 — [1054] ) | Mar. 2019 25 3 14 
042% Mar. 3of Eftotl. | 4 off1054|t=#| Aug. 11022 24] 2 28 
i642] April 14414 31] Total 16544) [Aug. 27 49} 1 53 
16420 % [Sept. 25 Mage ſianica [1655 Feb. 6 2 37] 4. 20 
642) Oct. 716 45] Total ess [Aug. 1014 19 
643% [Mar. 1913 53 —— 165 5[Dabg. 1616 — * 
1643] ) [April 3fz1 10] 3 901656 Dan. 119 40 „ 
10430 Sept. 1217 O 16560 Dulß 6 3 17] Total | 
1643] ) Sept. 27] 7 38] 6 offi656/t%|July 21011 48 | 
1644]t3z|Mar, 8] 6 20 1656] y]Dec. 30023 3ol Total 
644% [Aug. 31]18 10 1657]i[lone 1111 20 
1645] D Feb. 10 7 45] 8 521657 Dune 2509 - 35] Total 
1b45;#:|Feb, 26ʃRom. l.Jio 4060165 Dec. 4j20 0 
645 D [Aug. 7] 2 4 Total j[1657] D Dec. 20067 473 9 
104, % Aug. 21] © 35] 4 400165 May 31016 © 
16400 [an. 16 Str. of | Anian 658) jJune 14122 58 | 
16460 ) Jan, 3oji18 11] Total 1658] )}Nove 9/13 56! © 10 
104% %% July 12] 6 57 16580 Nov. 24j11 36 
104% Duly 27] 6 2 Total 1659 Þ|May 6 8, 3418 5 
104% ]lan. 5/12 10—— lf May 20017 4\——— 
104) D Han. 2o| 9g 43] 4 47/1659 Oct. 2916 16] 5 52 
164% C Jlaly 2 © 9 16990 Nov. 144 25] 9 51 
104% Dec. 25013 38 —— 1660 D)April 2421 58| Total 
6480 ) June 5 © 55 4 28660 Od. 3/22 34 
1048] 0[June 2o[13 28 1660] YOct. 18 © 32 Total 
1648] ) Nov. 29019 17] 7 401660 Nov. 213 48 | 
1648, % Dec. 13021 48 166 Mar. 29 22 3 
1649] May 25/15 20 Total 16610 ) [April 144 4 28 — 


266 Of Eclipſes. 
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Aft, Middle] Ligits Ate, | | Middle Dion 
Chr, . & H. Mets Chr. | -|*: whe M. 
1661 sept. 23 1 36611 19167600 [une 25 6 26 

16610 D[Oet. 714 51] 7 4/676 Dec. 420 52 
16620 ½ Mar. 19015 8 1677 %% Nov. 24% 12 & | 
1662] Apr. 12] I 8 1077] DMay 16016 2508 i 
1663] D [Feb. 2116 11] 3 1411678] y [May 6 5 wal 
1663 Mar. 95 47 — 1678 5 Oc. 29] 9 Total 
1603] )JAug. 18] 8 45 Total 1679 April 10421 — 
16630 [Sept. 1] 8 8 1679 Þ | May 25/11 5 9 
1664[ lan. 27/20 40 | [1680|&#|Mar. 29023 — 
1664] D [Feb. 11] 3 16]|———|1680|t3|Sept. 2207 3 
16630 July 2214 48 —— 16810 ) [Mar. 4| Noon | — 
[1 064 Aug. 20022 10 —— 681], Mar. 19513 3 
1665 Dan. 3018 47] 4 34/6810 Aug. 2805 lo 33 
166;|£2]july 12] 7 4 1081|£*|Sept, 11115 — 
1665 Daly 20013 310 10016820 Feb. 21012 Total 
1666 Jan. 4J21 33ʃ— 11682] D Aug. 17/18 Total 
1 66t [h HJulß 119 cgi 1068 zan. 27] 1 10 30 
1667) [June 5 Noon 1683] Dfreb. 9 3 — 
1667 [C [ſoly 21] 2 32 —— 11683] D Aug. 620 — 
1667] |Nov. 151 30 — 1684 [Jan. 16] 6 — 
1668 May 1c|Setting 168440 une 26/15 1 
16680 ) [May 25¾16 26] 9g 32016840 [[oly 12] 4 Total 
16680 [Nov. 4| 2 53] 9 5cfſi1684| D Dec. 211 9 45 
1668] D [Nov. 18] 3 54] 6 45/685] [an. 416 — 
1669 Apr. 2918 18 16850 Dune 16 6 — 
1669 Oct. 24110 13 68 5[DDec. 10j11 Total 
167c|i|Apr. 16] 7 © 1086|H May 2117 gf —— 
167c|%*|ept, toſig —— 1686) [une 6| Noon 
1670] D jSept. 28015 43] 9 716860 D [Nov. 29112 Total 
16700 Oct. 1312 5 1687 May 11] 1 * 
16710 April 8123 29 1687] D May 26014 — 15 
167 ibi Sept. 221 25 1687] D April 15] 7 6 45 
1671] Dept. 18] 7 44j Total 688 April 29116 
167 20% [Feb. 28] 3 38 1688] D Oct. 9] Noon 

1672] )|Mar. 13] 3 17] —— |j1688|*}O&t, 250/19 4c 
167 2]$z[Aug. 226 43—— 168900 April 447 42 
1672] ) |Sept. 618 54.—— 1689 D Sept. 28015 46 
1167 [Feb. 16] 7 29 16900 Mar. 10— — 
167] Aug. 1121 44 —— 6900 DMar. 24/11 

i674] D Han. 21018 221 21}16g0[t5|Sept, 3 — 
1674] U [Feb. 50 4 1690] ) [Sept, 18] 2 42 
1674] Daly 17] 9 4of Total 11691|&3}Feb. 27j17 30 
1675] Dan. 11] 8 29] Total 69 10% Aug. 23] 5 51 
1675 Can. 25jlo 36ʃ— 1609 2D [Feb. 2| 3 20 
1675[DPLuly 616 31] Total 692] Feb. 16% 31 
167 June 1c]21 20 4 34111592! [July 2716 
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RiccroLus's Catalogue of EC LIPS ES. | 

77713 Middle] Digits [At T7 dae Divi \} 
Att. 8 5 | 
Chr. M. & PD. H. M. ſeclipſedſ Chr., M. & P. ti. M. ſeclipſed 1 
1695 D Jan. 21 17 25 Total 1696 Nov. 23017 32 3 i 
1693} ) [June 17] Neon . : 697]$#{April 20014 32 —— 1 
10904 Dan. 13] Noon 1697] DMay 518 27 — | 14 

b 169 4% \une 22} 4 22] 6 221697 DO. 29 8 44/8 54 | 

WE: 1694] ) j}.ly 613 50 0 471098|8&|April 1o| 9 13 

tal bob Viay 11] © 111098} FOR, 3/15 29] — 

— 1695 D May 28] Noon — 1599 » Mar. is} 8 1449 7 

9 1695] [Nov. 20 8 o 6 55169 Mar. 30022 0 

— 16095 928 Dec. 5117 7 | | 1699! } Sept. 8 23 22 

a 1696 | May 16]12 45] Total 169% Sept. 2322 38 g 53] 

ah 11696 e May 3o[lz 50 7 Y Mar. 4/20 11 K 

— 1690. Y Nov. 9117 30 Total 170010 Aug. 29101 42 — 

1 The Eclipſes from Sr R UNE were obſerved; thoſe from Riccro- > 


Los calculated: the following from L' Art de verifier les Dates, are 
only thoſe which are viſible in "Europe for the preſent century: thoſe 
which are total are marked with a 7; and 47 fignifies Morning, 
Afternoon. 6 5 | 


Viſible ECLIPSES from 15c9 to 1800. 


| a 
5 las Months] 'Fime of Aft. Months; Time of 1 
" Chr and | the Day Chr | and | the Day 1 
- 1 or Night.” 85 Days. | or Night. * 
{1701] ) Feb. 2211 A. 1715 25 May 3 o M. 7. 4 
(1703fÞ|Jan. 37M. 1715] D Nov. 11j 5 M. | 
1702] Done 29] 1 M. T. 1717] )jMar. 27] 3 M. by 
i7023| D|Dec. 2x] 7 M. 7. 1717 D May 200 6 A. | 4 
1704 Dec. 11] 7 M. 1718] D Sept. 9] 8 A. 7. i 
1700] [April 28] 2 M. 171 191) Aug. 29] 4A. 9 
Ji7o6Ft%|Viay 1200 M. 17210 an. 13 3 A, N 
[706] OR. 21] 7 4. 17220) Dune 29] 3 M. 11 
170% D[April 17] 2 M. T. [zz Dec. 8 3 A. i 
1708] April 5] 6 M. 1722 ec. 22 4 A. 7 
loge Dec. 14] 8 M. 1724|f:|May 22 7 A. 7. 1 
1708] Þ|Sept. 2c] 9 A. 1724] ) {Nov. 1| 4 M. | N 
ogg Mar. 11] 2 A. 1725 DjJOA, 21] 7 A, 4 
_ [1710f Y[Feb. 1311 A. 1726 Sept. 25] 6 A, x 
{7 100% [Feb. 28] 1 A. 1720} D Od. ni] 5 M. 7 
1711]fx}July 15] 8 A. [1727]6*|Seprt. 15 7 M, 3 1 
171 Daly 29 6 A. 7. 729) Feb. 13] 6 4. 7. 
171220 an. 23] 8 A. zo YjAug. gf 1 M. 
i713] )|june g[ 6 A, 17 300 DjFeb, 4] 4 MV. 
1713] D [Dec. 2| 4 M. 11731! D Iſune 204 2 M. 


VI 


ible 


268 


1 


Of Eclipſes. 


— 


Vifible ECLIPSES from 1700 to 1800. 
Af Months] Time ot Months] Time of 
Chr. | | and | the Day and | the Day 

Days. | or Night. g Days... or Night, 
1732] D [Dec. 1010 A. 7 April 1010 M. 
1730 May 13] 7 As 64] D[April 1(] 1 M, 
173% D |May 28} 7 A. 65 Mar. 21] 2 A. 
173 Dog. 1 M. 6:|$#|Aug. 16] 5 A. 
173'] D Mar. 26012 A. 7. DjFeb. 24] 7 A, 
17300 jSept. 200 3 M. 7. Aug. 5 7 A, 
17300 Oct. 4| 6 A. Dan. 4j 5 M. 
173 IU Mar. 1| 4 A. )jJune 30] 4 M. T. 
1737] Dept. 9. 4 M. D]Dec. 23] 4 A. 7. 
173807 Aug. 15]11 M. 4% June 4] 8 M. 
17390] Jan. 24011 A. D Dec. 13] 7 M. 
173c|i3#|4ug, 4| 5 A. Nov. 17110 M. 
1730] Dec. 300 M. 77D April 28] 2 M. 
17400) Jan. 13011 A. T. Oak. 23] 5 X. 
1741 D Jan. — 112 A. D Oct. 11 6 A. 7. 
1743] D Nov. 2| 3 M. 7. Oct. 26010 M. 
174440 [Aug. 26] 9 A. Mar. 23] 5 M. 
1746] D Aug. zoſlz A. D Sept. 30] + As © 
1747J[D [Feb. 14] 5 M. T. E Mar. 12[1o M. 
1748|t#|July 25 III NM. D July 31] 1 M. 7. 
1748] D [Aug. 8]˙2 A. 6% Aug. 14] 5 M. 
1745] D Dec. 23] 8 A. Jan. 9 5 A. 
ieee : $9 M.--- june 24] 4 A. 
175% June 9] 9 A. F: Dec. 416M. 
195ct Dee. 17 M. D) [May zol 5 M. T. 
11752] [June 9 2 M. June 14] 8 M. 
[751] D Dec. 210 A. [Nov. 23] 8 A. 
17;2|t:|May 134 8 A. % Oct. 27] 6 A. 
1753] » April 17] 7 A. Nov. 12] 4 M. 
1753 [Oct. 26110 M. April 23} 6 A. 

1175;| » |Mar, 28] WM. Oct. 17] 8 M. 
175:]DjFebo 4] 6 M. April 12] 7 A. 
1757] ) [July goſiz A. Mar. 18] g A. 7. 
1758] Djjan. 24] 7 M. 7. ÞjSept. 10|11 A. 7. 
17581£|Dec.. 3o] 7 M. Þ |Mar. 7] 3 M 
I759|t:|June 24] 7 A. 8518:|Feb, 9 1 A, 
17500 % Dec. 19] 2 A. Dan. 312 A. T. 
1760] May 29} 9 A. Jan. 19010 M. 
1760 June 13] 7 M. 87 June 15] 5 A. 
1760] DNNov. 229 A. Dec. 24/3 A. 
1761] DIMay 18011 A. T. 880 lune 4 M. 
1762] D|May 8] 4 M. Nov. 212 A. 
1762]$#|Of, 17] 8 M. $) April 2812 A. F. | 
1762] Þ|Nov. 1] 8 A. Þ Oct. 23] 1 M. 7. 
176200 [Apr. 1218 M. . April 301 A. 


Viſible 
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Viſible ECLIPSES from 1700 to 1800. 


_ [Months | Time of Aft. Months Time of 
Aft. and the Day Chr. and | the Day 
Chr. Days. | or Night. | | | Days. | or Night. 
7% ) Oct. 12] 3 M. 11795] )|Febe 4] 1 M. | 
170 0% % Sept. 16j11 M. 1795 ſuly 16] 9g M. 
1793] Feb. 25/10 A. 1795] D July 31} 8 A. ö 
1793]t#}Sept. 5 3 4. 1797 % [June 250 8 A. 
1704 Jan. 31] 4 A. 1797] DDec. 4| 6 M. 
E 11794] ) Feb. 14511 A. 7. 17980 D May 277 A. 7. 
224A Aug. 251 5 A 2 Og, HT A. | 


228, A Liſt of Felipſes, and He Events, 
which happened about the ſame Times, from 
R1icc10LUS, 


Before CHRIST. 


754 


| 
| 


| 


But according to an old Calen- 
dar, this 'Eclipſe of the Sun was 


Jon the 21ſt of April, on which 


day the Foundations of Rome were 


laid; if we may believe Taruntius 


Firmanus. 
A total Eclipſe of the Moon. 
The Afyrian Empire at an end; 


the Babylonian eſtabliſhed, = 
An Eclipſe of the Sun fore- Hiftorical 
told by TraLes, by which a elite. 


peace was brought about be- 
tween the Medes and Lydians. 


was followed by the death of 


[CAMBVSEs. 


An Eclipſe of the Moon, which 


 Tthe Sabines, and death of Vale- 


Irius Publicola. 


July 5 
March 19] 
May 28 
Fuly G 
Nov. 19 
April 30 


An Eclipſe of the Sun. The 


Perſian war, and the falling off of 


the Perſians from the Egyprians. 
An 


An Eclipſe of the Moon, which 


was followed by the ſlaughter of 
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07 Eck es. 


Before CN IST. 5 13 

431 April 25 An Eclipſe of the Moon, which 

was followed by a great famine a 

Rome; and the beginning of the 

Peloponneſian war. 

Auguſt 3 A total Eclipſe of the Sun, 4 

Comet and Plague at Athens *, 

Auguſt 27 A total Eclipſe of the Moon. 

8 Nicias with his yp deſtroyed at 

| "Syracuſe. 

Auguſt 14| An Eclipſe of the Sun, The 
| Perfians beat by Conon in a ſea. en. 

gagement. 

June 21 A total Eclipſe of the Moon. 
1 The next day Perſeus King of 
| Macedonia was conquered | by 
Paulus Emilius. 


After CHRIST. = 
59 April 30 Fes Eclipſe of the Sun. This 
g is reckoned among the prodigies, 
on account of the murder ot 
ES Agrippinus by Nero. 
| April 12 A total Eclipſe of the Sun, A 
ſign that the reign of the Gordian 
| would not continue long. A ſixth 
perſecution of the Chriſtians. 
Juty 27 An Eclipſe of the Sun. The 
| Stars were ſeen, and the Emperor 
| Con/tantius died. 
A dreadful Eclipſe of the Sun. 
| And Lewis the Pious died within 
ſix months after it. 
An Eclipſe of the Sun. And 
3 a taken by the Saracens. 
Auguſs 2] A terrible Eclipſe of the Sun. 
I [The Stars were ſeen, A ſchiſmin 
| [the church, occaſioned by there 
| being three Popes at once. 


9 This Eclipſe happened in the firſt Year of the Pe/yponnt- 
San war, 
IL. 329.7 [ 
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329. 1 have not cited one half of Rice iolus's ee 
iſt of portentous Eclipſes; and for the ſame rea- tions * 
ſon that he declines giving any more of them than ancients | ; 
what that liſt contains; namely, that it is molt to tctpies, | 
diſagreeable to dwell any longer on ſuch nonſenſe, 5 
and as much as poſſible to avoid tiring the reader: f 
the ſuperſtition of the ancients may be ſcen by the 
few here copied. My author farther ſays, that 
there were treatiſes written to ſhew againſt what 
| regions the malevolent effects of any particular 
Ecliple was aimed: and the writers affirmed, that 
the effects of an Eclipſe of the Sun continued as 
many years as the Ecliple laſted hours; and that 
of the Moon as many months. HY 

330. Vet ſuch idle notions were once of no ſmall v ta. 
advantage to CHRISTOPHER COLUMBUS, who, in nate once 
| the year 1493, was driven on the iſland of Jamaica, roc 
where he was in the greateſt diſtreſs for want of Coruvu- 
proviſions, and was moreover refuſed any aſſiitance 
from the inhabitants; on which he threatened 
them with a plague, and told them, that in token 
of it, there ſhould be an Ecliple : which accord- 
ingly fell on the day he had foretold, and fo terri- by 
fied the Barbarians, that they ſtrove who ſhould f 
be firſt in bringing him all forts of proviſions; : 
throwing them at his feet, and imploring his for- L 
giveneſs. RiccioLvs's Almageſt, Vol. I. I. v. c. ii. Do. 
331. Eclipſes of the Sun are more frequent than why there 
of the. Moon, becauſe the Sun's ecliptic limits are moe” 
greater than the Moon's, $ 317 : yet we have more ofthe Moo 1 # 
viſible Eclipſes of the Moon than of the Sun, be- ©42 9 5+ \ 
cauſe Eclipſes of the Moon are ſeen from all parts 
of that Hemiſphere of the Earth which, is next f 
her, and are equaliy great to each of thoſe parts; J 
but the Sun's Eclipſes are viſible only to that ſmall 1 
portion of the Hemiſphere next him whereon the | : 
Moon's ſhadow falls ; as ſhall be explained by and 1 
by at large. | 

332. The Moon's Orbit being elliptical, and 
the Earth in one of it's focuſes, ſhe is once IE | 
ea | þ 


— 
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PLATE leaſt diflance from the Earth, and once at jy 
Fig. 1, greateſt in every Lunation. When the Monk 
changes at her leaſt diſtance from the Earth, any 

ſo near the Node that her dark ſhadow falls upy 

Tetal and the Earth, ſhe appears big enough to cover the 
Ectiofer f Whole * Diſc of the Sun from that part on which 
we Sun, her ſhadow falls; and the Sun appears totally 
eclipſed there, as at A, for ſome minutes: but 

when the Moon changes at her greateſt diſtance 

from the Earth, and ſo near the Node that her dark 
ſhadow is directed towards the Earth, her diame. 

ter ſubtends a leſs angle than the Sun's; and there. 

fore ſhe cannot hide his whole Diſc from any part 

of the Earth, nor does her ſhadow reach it at that 

time; and to the place over which the point of 

her ſhadow hangs, the Eclipſe is annular, as at; 

the Sun's edge appearing like a luminous ring all 
around the body of the Moon. When the Change 
happens within 17 degrees of the Node, and the 
Moon at her mean diſtance from the Earth, the 

point of her ſhadow juſt touches the Earth, and 

ſhe eclipſeth the Sun totally to that ſmall ſpot 
whereon her ſhadow falls; but the darknels 1s not 

of a moment's continuance, — _ 

The longet 333. The Moon's apparent diameter whenlargelt 
curation 9f exceeds the Sun's when leaſt, only 1 minute 30 
es of the ſeconds of a degree: and in the greateſt Eclipſe 
dun. of the Sun that can happen at any time and place, 
the total darkneſs continues no longer than whill 

the Moon is going 1 minute 38 ſeconds from the 

Sun in her Orbit; which is about 3 minutes and 

1 — ah 

' To hw 334. The Moon's dark ſhadow covers only a 
Fah of the ſpot on the Earth's ſurface, about 180 Eugliſb miles 


Sue may be broad, when the Moon's diameter appears largeſt 
totally or LIES | | 


tall | | | 
: clipſed at Although the Sun and Moon are ſpherical bodies, as {een 
ence. from the Earth they appear to be circular planes; and ſo 


would the Earth do, if it were ſeen from the Moon. The ap- 

parently flat ſurfaces of the Sun and Moon are called their Diſer 

by Aſtronomers, | 1 
an 


— 
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TR | 


ind the Sun's leaſt ; and the total darkneſs can ex- ? LA 
tend no farther than the dark ſhadow covers. Yet 
the Moon's partial Shadow or Penumbra may then . 
cover a Circular ſpace 4900 miles diameter, within | 
all which the Sun is more or leſs eclipſed, as the f 
places are leſs or more diſtant from the Centre of 1 
the Penumbra. When the Moon changes exactly 
in the Node, the Penumbra 1s ctrcular on the 
Earth at the middle of the general Eclipſe; be- 
E cauſe at that time it falls perpendicularly on the 
Farth's ſurface : but at every other moment it 
falls obliquely, and will therefore be elliptical, 
and the more fo, as the time is longer before or 
after the middle of the general Eclipſe; and then, 
much greater portions of the Earth's ſurface are 
involved in the Penumbra. _ RO 

335. When the Penumbra firſt touches the Demon 1 
Farth, the general Eclipſe begins: when it leaves prdevlazt 
the Earth, the general Eclipſe ends: from the be- Felipſes. 
pinning to the end the Sun appears eclipſed in ſome 
part of the Earth or other. When the Penumbra 0 
touches any place, the Eclipſe begins at that place, | h 
ind ends when the Penumbra leaves it. When the } 
Moon changes in the Node,the Penumbra goes over [ 
the centre of the Earth's Diſc as ſeen from the Moon; 
and conſequently, by deſcribing the longelt line | 
poſſible on the Earth, continues the longeſt upon 4 
it; namely, at a mean fate, 5 hours 50 minutes: ; 


more, if the Moon be at her greateſt diſtance from ö 
the Earth, becauſe ſne then moves ſloweſt; leſs, 9 
it ſhe be at her leaſt diſtance, becauſe of her quicker [3 
motion. wp | „„ 1 

336. To make the laſt five articles and ſeveral Fig. II. 8 
other phenomena plainer, let $ be the Sun, E the . "= 


Earth, M the Moon, and AI M P the Moon's Orbit. ; 
Draw the right line We 12 from the weſtern ſide 7 
ot the Sun at V, touching the weſtern ſide of the x 
Moon at c, and the Earth at 12: draw alſo the i 
right line Vd 12 from the eaſtern ſide of the Sun 
a //, touching the Eaſtern fide of the Moon at d, 


PLIES, 
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TheMoon's in à point at 12, where it touches the Earth; be. 
dark ſhacow Caule in this caſe the Moon is ſuppoſed to chang 


and the Earth at 12: the dark ſpace ce 12 d included 
between thoſe lines is the Moon's ſhadow, endin 


at Min the middle between A the Apogee, or fu. 

theſt point of her Orbit from the Earth, and P the 

Perigee, or neareſt point to it. For, had the point 

P been at M, the Moon had been nearer the Earth; 

and her dark ſhadow at e would have covered: 

ſpace upon it about 180 miles broad, and the Sun 

would have been totally darkened, as at A (Fig. l.) 

with ſome continuance: but had the point 4 

(Fig. II.) been at M, the Moon would have been 

farther from the Earth, and her ſnadow would have 

ended in a point about e, and therefore the Sun 

ard Penum- would have appeared, as at B (Fig. I.) like a lu- 

mlmiinous ring all around the Moon. Draw the right 

lines VAd and Ac, touching the contrary 

ſides of the Sun and Moon, and ending on the 

Earth at @ and 5: draw alſo the right line SN 

12, from the center of the Sun's Dilc, through the 

Moon's centre, to the Earth at 12; and ſuppoſe 

the two former lines / X4dþ and Ac g to revolve 

on the line SX M 12 as an Axis, and their points 

à and b will deſcribe the limits of the Penumbra 

' TT on the Earth's ſurface, including the large 

ſpace a04 124; within which the Sun appears 

more or leſs eclipſed, as the places are more or leis 
diſtant from the verge of the Penumbra a 065. 

Digit, Draw the right line y 12 acroſs the Sun's Diſc, 

what. perpendicular to SXM the Axis of the Penumbra: 

then, divide the line y 12 into twelve equal parts, 


as in the Figure, for the twelve Digits of the E. 
Sun's diameter: and, at equal diſtances from the e. 
center of the Penumbra at 12 (on the Earth's ſur- E 
face TY) to it's edge a 0 b, draw twelve concen- ch 
tric Circles, as marked with the numeral Figures of 
1 2 3 4, &c. and remember that the Moon's mo- 4 

t 


»A Digit is atwelfth part of the diameter of the Sun and 
Moon, | | 7 or 
tion 
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om to 7. Then, 


fad the Sun's Eclipſe begins at ö, appearing as at 


moment of abſolute time to an obſerver at à in 


Pig. II. the weſtern edge of the Moon at c leaves 
(the eaſtern edge of the Sun at V, and the Eclipſe 


ends, as at the right hand C of Fig. III. At the 
very ſame inſtant, to all thoſe who Five on the Cir- 
cle marked 1 on the Earth Zin Fig. II, the Moon 
M cuts off or darkens a twelfth part of the Sun 5, 
and eclipſes him one Digit, as at 1 in Fig. III: to 


Whoſe who live on the Circle marked 2 in Fig. II, 


the Moon cuts off two twelfth parts of the Sun, 
35 at 2 in Fig. III: to thoſe on the Circle 3, three 
parts; and ſo on to the centre at 12 in Fig. II, 
where the Sun 1s centrally eclipſed, as at B in the 


ſcale of hours and minutes, to ſhew at a mean rate 
how long it is from the beginning to the end of a 


ticular time from the beginning at A to the middle 
at B, or the end at C. Thus, in 16 minutes from 
the beginning, the Sun is two Digits eclipſed ; in 
an hour and five minutes, eight Digits; and in an 
hour and thirty-ſeven minutes, 12 Digits. 

337. By Fig. II. it is plain, that the Sun is to- 
tally or centrally eclipſed but to a ſmall part of the 
Earth at any time; becauſe the dark conical ſhadow 


Earth: and that the partial Eclipſe is confined at 


that time to the ſpace included by the Circle 2 0 B, 


of which only one half can be projected in the 
Figure, the other half being ſuppoſed to be hid by 
the convexity of the Earth E: and likewiſe, that 
no part of the Sun is eclipſed to the large ſpace 7 7 
1 | 0 


jon in her Orbit AMP is from weſt to eaſt, as 


To an obſerver on the Earth at 5, the eaſtern The giffer- 


limb of the Moon at d ſeems to touch the weſtern 77 * 
| . 0 
imb of the Sun at V, when the Moon is at M; gig, 


Ain Fig. III. at the left hand; but, at the ſame 


middle of Fig. III; under which Figure there is a pig. 11, 


central Eclipſe of the Sun on the parallel of Lon · 
aon; and how many Digits are eclipſed at any par- 


of the Moon M falls but on a ſmall part of the rig. 11, 
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PLATE of the Earth, becauſe the Moon is not between te 


ſhadow on Earth turns eaſtward on it's Axis, as from g to} 
the Earth. which is the ſame way that the Moon's ſhadoy 
moves; but the Moon's motion is much ſwifter in 
her Orbit from 5 to ?: and therefore, although 
Eclipſes of the Sun are of longer duration on ac. 
count of the Earth's motion on its Axis than they 
would be if that motion was ſtopt, yet in four mi. 
nutes of time at moſt, the Moon's ſwifter motion 
carries her dark ſhadow quite over any place that 
it's centre touches at the time of greateſt obſcura. 
tion. The motion of the ſhadow on the Earth's 
Dile 1s equal to the Moon's motion from the Sun, 
which is about 304 minutes of a degree every hour 
at a mean rate; but ſo much of the Moon's Orbit 
is equal to 30+ degrees of a great Circle on the 
Earth, $ 320; and therefore the Moon's ſhadoy 
goes 30 degrees or 1830 geographical miles on 
the Earth in an hour, or 30 miles in a minute, 
which is almoſt four times as ſwift as the motion of 

a cannon- ball. Fo bt: | 
338. As ſeen from the Sun or Moon, the Earth's 
Axis appears differently inclined every day of the 
pear, on account of Keeping it's paralleliſm through- 
Fg. Iv. out it's annual courſe, Let E, D, O, N be the 
Earth at the two Equinoxes and the two Solſtices, 
NS it's Axis, N the North Pole, $ the South Pole, 
A the Equator, T the tropic of Cancer, the 
tropic of Capricorn, and A BC the Circumference 
Phenomena of the Earth's enlightened Diſc as ſeen from the 
ug d Sun or New Moon at theſe times. The Eartl's 
e Axis has the poſition NES at the vernal Equinox, 
cer I ds the right hand, as ſeen from the Sun 

ar <f-reve lying towards the right hand, as ſeen from 

times of the or New Moon; it's Poles N and ò being then in 
88 the Circumference of the Diſc z and the Equator 
and all it's parallels ſeem to be ſtraight lines, be- 
cauſe their planes paſs through the vubſerver's eye | 
looking dowa upon the Earth from the 15 or 
| OD | | Moon 


— 
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oon directly over E, where the Ecliptic F Gi in- 


the Earth's Axis has the poſition VD S; and that 
part of the Ecliptic FG, in which the Moon 1s 
then New, touches the Tropic of Cancer T at D. 
The North Pole IN at that time inclining 232 de- 


the Earth's enlightened Diſc, becauſe the Sun is 
then vertical to D, 234 degrees north of the Equa- 
tor Z Q; and the Equator with all it's parallels 
the South Pole, as ſeen from the Sun: which Pole, 
At the Autumnal Equinox, the Earth's Axis has 


the poſition NOS, lying to the left hand as ſeen 


tical to O, where the Ecliptic cuts the Equator 
pear behind it, and the South Pole juſt entering 


through the : obſerver's eye, as ſeen from the Sun, 


the Winter Solſtice, the Earth's Axis has the po- 
ſition VMS; when it's South Pole & inclining 234 
degrees towards the Sun, falls 234 degrees within 
the enlightened Diſc, as ſeen from the Sun or New 
Moon, which are then vertical to the Tropic of 


elliptic curves bending upward; the North Pole 
being as far behind the Diſc in the dark Hemi- 


The nearer that any time of the year is to the 


Equinoxes or Solſtices, the more it partakes of the 


Phenomena relating to them. 


339. Thos it appears, that from the vernal equi- 


ncx to the autumnal, the North Pole is enlighten- 


T 3 eq; 


Iterſects the Equator . At the Summer Solſtice, 


grees towards the Sun, falls ſo many degrees within 


{em elliptic curves bending downward, or towards 
together with 234 degrees all round it, is hid be- 
hind the Diſc in the dark Hemiſphere of the Earth. 
from the Sun or New Moon, which are then ver- 


#2, Both Poles now lie in the circumference 
of the Diſc, the North Pole juſt going to diſap- 


into it; and the Equator with all it's parallels ſeem 
to be ſtraight lines, becauſe their planes paſs 


and very nearly ſo as ſeen from 'the Moon. At 


Capricorn 2, 235 degrees ſoutk of the Equator 
#29; and the Equator with all it's parallels ſeem 


ſphere, as the South Pole is come into the light. 
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PLATE ed; and the Equator and all it's parallels appey 
Various po- Elliptical as ſeen from the Sun, more or leſs Curyeq 
biene of as the time is nearer to or farther from the Sum. 
Axis are mer Solſtice z and bending downwards, or toward 
om from the South Pole; the reverſe of which happens 
differen: from the autumnal Equinox to the vernal, 1 
3 of the little conſideration will be ſufficient to convince 
the reader, that the Earth's Axis inclines towards 
the Sun at the Summer Solſtice ; from the Sun at 
the Winter Solſtice; and ſidewiſe to the Sun at 
the Equinoxes; but towards the right hand, 35 
ſeen from the Sun at the vernal Equinox; and to. 
wards the left hand at the autumnal. From the 
Winter to the Summer Solſtice, the Earth's Axis 
inclines more or leſs to the right hand, as ſeen from 
the Sun; and the contrary from the Summer to 
the Winter Solſtice. 

How theſe 340. The different poſitions of the Earth's Axis, 
ec ler as ſeen from the Sun at different times of the year, 
Eclipſes. affect ſolar Eclipſes greatly with regard to particu- 
lar places; yea ſo far as would make central Eclip. 
ſes which fall at one time of the year inviſible if 
they had fallen at another, even though the Moon 
ſhould always change in the Nodes, and at the ſame 
hour of the day : of which indefinitely various af- 
fections, we ſhall only give Examples for the times 

of the Equinoxes and Solſtices. NT ie 
Fig. V. In the ſame Diagram, let FG be part of the 
Ecliptic, and TK, #k, ik, ik part of the Moon's 
Orbit; both ſeen edgewiſe, and therefore projected 
into right lines; and let the interſections M. O, 
D, E be one and the ſame Node at the above times, 
when the Earth has the forementioned different 
poſitions; and let the ſpace included by the Cir- 
cles P, p, p, Þ be the Penumbra at theſe times, as 
it's centre is paſſing over the centre of the Earth's 
Diſc. At the Winter Solſtice, when the Earth's 
Axis has the poſition N NS, the center of the Pe- 
numbra P touches the Tropic of Capricorn t in N 
at the middle of the general Eclipſe; but no pul 
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f the Penumbra touches the Tropic of Cancer T. 
Wat the Summer Solſtice, when the Earth's Axis 
has the poſition NDS (iDk being then part of 
the Moon's Orbit, whoſe Node is "at D) the Pe- 
numbra p has it's centre at D, on the Tropic of 
Cancer 7, at the middle of the general Eclipſe, 
and then no part of it touches the Tropic of Ca- 
pricorn t. At the autumnal Equinox, the Earth's 
Axis has the poſition NOS (i © & being then part 
Jof the Moon's Orbit) and the Penumbra equally 
includes part of both Tropics T and at the middle 
of the general Eclipſe: at the vernal Equinox it 
does the ſame, becauſe the Earth's Axis has the 


laſt caſes, the Penumbra enters the Earth at 4, 


, ſouth of the Tropic of Capricorn 7; having 
gone over the Earth obliquely ſouthward, as it's 
center deſcribed the line AO ms: whereas, in the 
latter caſe, the Penumbra touches the Earth at », 
ſouth of the Equator , and deſcribing the 
line » E (fimilar to the former line AO m in open 
pace) goes obliquely northward over the Earth, 
and leaves it at 9, north of the Equator. 

In all theſe circumſtances, the Moon has been 
ſuppoſed to change at noon in her deſcendin 
Node : had ſhe changed in her aſcending Node, the 
Phenomena would have been as various the con- 
trary way, with reſpect to the Penumbra's going 
northward or ſouthward over the Earth. But be- 
cauſe the Moon changes at all hours, as often in 
one Node as in the other, and at all diſtances from 
them both at different times as it happens, the va- 
riety of the Phaſes of Eclipſes are almoſt innume- 


how variouſly the ſame places are ſituated on the 
enlightened Diſc of the Earth, with reſpect to the 
Penumbra's motion, at the different hours when 


Eclipſes happen. 


ſition NES: but, in the former of theſe twa_ 


north of the Tropic of Cancer 7, and leaves it at 


rable, even at the fame places; conſidering alſo 


1 4 341. When | 
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How much 
of the Pe- 
numbra falls 
on the Earth 
at different 
diftances 
from the 
Nodes, 


of the general Eclipſe: had ſhe changed as fir 


the Penumbra about P would have fallen on the 


it, the ſhorter is the Penumbra's continuance on 


The Earth's 


Siurnal mo- 


tion length- 
ens the du- 
ration of ſo 
Jar Eclipſes, 
Which fall 

* without the 
po ar Cir- 
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341. When the Moon changes 17 degrees ſhy 
of her deſcending Node, the Penumbra P 18 jy 
touches the northern part of the Earth's Dif, 
near the north Pole N; and as ſeen from thi 
place, the Moon appears to touch the Sun, by 
hides no part of him from ſight. Had the Chang 
been as far ſhort of the aſcending Node, the Ee. 
numbra would have touched the ſouthern part of 
the Diſc near the South Pole S. When the Moon 
changes 12 degrees ſhort of the deſcending Node, 
more than a third part of the Penumbra P 12 fall 
on the northern eee of the Earth at the middle 


paſt the ſame Node, as much of the other ſide of 


ſouthern of the Earth; all the reſt in the expanſun, 
or open ſpace. When the Moon changes 6 de- 
grees from the Node, almoſt the whole Penumbra 
P 6 falls on the Earth at the middle of the general 
Eclipſe. And laſtly, when the Moon changes i in 
the Node at N, the Penumbra P N takes the 
longeſt courle poſſible on the Earth's Diſc; it's 
center falling on the middle thereof, at the middle 
of the general Eclipſe, The farther the Moon 
changes from either Node, within 17 degrees of 


the Earth, becauſe it goes over a leſs praportion of 
the Diſc, as is evident by the Figure. 

342. The nearer that the Penumbra” s center 1s to 
the Equator at the middle of the general Ecliple, 
the longer is the duration of the Eclipſe at all 
thoſe places where it is central; becauſe, the nearer 
that any place 1s to the Equator, the greater 1s the 
Circle it deſcribes by the Earth's motion on it's 
Axis: and fo, the place moving quicker, keeps 
longer in the Penumbra, whoſe mation is the ſame 
way with that of the place, though faſter, as has 
been already mentianed, 5 337. Thus (ſee the 
Earth at D and the Penumbra at 12) whillt the 
point þ in the polar Circle @ 6 c d is carried from # 

F 4 | . | ; t9 
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de by the Earth's diurnal motion, the point 4 on 
e Tropic of Cancer T is carried a much greater 
ength from d to D: and therefore, if the Pen- 
nbra's center goes one time over c and another 
me over D, the Penumbra will be longer in paſ- 
ing over the moving place d than it was in paſſing 
Prer the moving place 5. Conſequently, central 

clipſes about the Poles are of the ſhorteſt dura- 
jon; and about the Equator the longeſt. 

243. In the middle of Summer, the whole fri- And mor- 
id Zone included by the polar Circle abe is en- tens the au- 
ightened; and if it then happens that the Penum- 9 
bra's center goes over the North Pole, the Sun will fall within 
e eclipſed much the ſame number of Digits at a d 
23 at c; but whilſt the Penumbra moves eaſtward 
ver c, it moves weſtward over a, becauſe, with re- 
ſpect to the Penumbra, the motions of à and c are 9 
contrary: for c moves the ſame way with the Pen- 0 
umbra towards 4, but @ moves the contrary way 
towards 5; and therefore the Eclipſe will be of 
longer duration at c than at a. At a the Eclipſe 
begins on the Sun's eaſtern limb, but at c on his | 
weltern : at all places lying without the polar Cir- | 
cles, the Sun's Eclipſes begin on his weſtern limb, | 
or near it, and end on or near his eaſtern. At thoſe 
places where the Penumbra touches the Earth, the 
Eclipſe begins with the riſing Sun, on the top of | 
his weſtern or uppermoſt edge; and at thoſe places — | 
where the Penumbra icaves the Earth, the Eclipſe 
ends with the ſetting Sun, on the top of his eaſtern 
edge, which is then the uppermoſt, juſt ar it's diſ- | 7 
appearing in the Horizon. 2 ] 

344. If the Moon were ſurrounded by an At- 1 f 

0 N e Gon 
molphere of any conſiderable Denſity, it would has nv ac- 
ſkem to touch the Sun a little before the Moon mofchere. 
made her appulſe to his edge, and we ſhould fee a 4 
little faintneſs on that edge before it were eclipſed | 
by the Moon: but as no ſuch faintneſs has been ; 
oblerved, at leaſt ſo far as I ever heard, it ſeems j 
plain, that the Moon has no ſuch Atmoſphere as * | 
0 | 
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PLATE of the Earth. The faint ring of light ſurroundig 
the Sun in total Eclipſes, called by Cassix;, |; 
Chevelure du Soleil, ſeems to be the Atmoſphere q 
the Sun; becauſe it has been obſerved to mom 
equally with the Sun, not with the Moon. 
345. Having faid ſo much about Eclipſes d 
the Sun, we ſhall drop that ſubject at preſent, and 
proceed to the doctrine of lunar Eclipſes; which, 
being more ſimple, may be explained in les 
time. 
Eclipſes o That the Moon can never be eclipſed but at the 
the Moon. time of her being Full, and the reaſon why ſhe is 
not eclipſed at every Full, has been ſhewn already, 
$ 316, 317. Let & be the Sun, E the Earth, RR 
the Earth's ſhadow, and B the Moon in oppoſition 
to the Sun: in this ſituation the Earth intercepts 
the Sun's light in it's way to the Moon; and when 
the Moon touches the Earth's ſhadow at v, ſhe be. 
gins to be eclipſed on her eaſtern limb x, and con. 
tinues eclipſed until her weſtern limb y leaves the 
ſhadow at w: at B ſhe is in the middle of the 
ſhadow, and conſequently in the middle of the 
Eclipſe. CT pdt 
346. The Moon when totally eclipfed is not in- 
viſible, if ſhe be above the Horizon and the Sky 
be clear; but appears generally of a duſky colour 
like tarniſhed copper, which ſome have thought to 
be the Moon's native light. But the true cauſe of 
_ Why the her being viſible is the ſcattered beams of the Sun, 


Moon 1s vi- 


idle in a to. bent into the Earth's ſhadow by going through the 
tal Eclipſe, Atmoſphere z which, being more denſe near the 
Earth than at conſiderable heights above it, fte. 
fracts or bends the Sun's rays more inward, 179, 
the nearer they are paſſing by the Earth's ſurface, 
than thoſe rays which go through higher parts of 
the Atmoſphere, where it is leis denſe according 
to it's height, until it be ſo thin or rare as to lot 
it's refractive power. Let the Circle Fg + 7, col 
centric to the Earth, include the Atmoſphere 


whoſe refractive power vaniſhes at the heights f 
an 
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traight without ſuffering the leaſt refraction: But 
|| thoſe rays which enter the Atmoſphere between 
and , and between i and /, on oppoſite ſides of 
he Earth, are gradually more- bent inward as they 
o through a greater portion of the Atmoſphere, 
intil the rays V and V touching the Earth at 
and u, are bent ſo much as to meet at 3, a little 


bf the Earth is contained in the ſpace mo 9g p n, 
yhere none of the Sun's rays can enter: all the 


re refracted as above, is in ſome meaſure enlight- 
ned by them; and ſome of thoſe rays falling on 
he Moon, give her the colour of tarniſhed copper, 
r of iron almoſt red hot. So that if the Earth 


ole in total Eclipſes as ſhe is when New. If the 
Moon were ſo near the Earth as to go into it's dark 


during her ſtay in it ; but viſible before and after 
a the fainter ſhadow RR. 


the Sun : yet the Moon has been often ſeen to- 


degree, $ 181, and the diameter of the Sun and 
Moon being each at a mean ſtate but 32 minutes, 
the refraction cauſes both Luminaries to appear 
above the Horizon when they are really below it, 


\ 179. | 


from either of her Nodes, ſhe juſt touches the 
Earth's ſhadow, but enters not into it. Let G H 
de the Ecliptic, ef the Moon's Orbit where ihe 1s 
12 degrees from the Node at her Full; cd her 


ber Orbit where ſhe is Full in the Node, AB the 
2 Earth's 


ad i; ſo that the rays fm] and Vi v go onP 


ort of the Moon; and therefore the dark ſhadow 


eſt R R, being mixed by the ſcattered rays which 


had no Atmoſphere, the Moon would be as invi- 
ſhadow, ſuppoſe about p o, ſhe would be inviſible 


347. When the Moon goes through the center wy, tc 
of the Earth's ſhadow, ſhe is directly oppoſite to Sun and 


tally eclipſed in the Horizon when the Sun was 8 
on 


alſo viſible in the oppoſite part of it: for, the ho- is totahy 
Haontal refraction being almoſt 34 minutes of a eclipſea. 


348. When the Moon is Full at 12 degrees p. v. 


Orbit where ſhe is 6 degrees from the Node, @ 5 
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Digits, 349. The Moon's diameter, as well as the Sun 9 


| Why the 350. 155 is difficult to obſerve exactly either the 
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Duration Earth's ſhadow, and M the Moon. When 1M 


El: Moon deſcribes the line e V, ſhe juſt touches th 
the Moon. ſhadow, but does not enter into it; when ſhe d. 
ſcribes the line ed, ſhe is totally though not ccf. 

trally immerſed in the ſhadow; and when ſhe de. 

{cribes the line a 5, ſhe paſſes by the Node at 1/ 

in the center of the ſhadow, and takes the longet 

line poſſible, which is a diameter, through it: and 

ſuch an Eclipſe being both total and central is gf 

the longeſt duration, namely 3 hours 57 minutes 

6 ſeconds from the beginning to the end, if the 

Moon be at her greateſt diſtance from the Earth: 

and 3 hours 37 minutes 26 ſeconds, if ſhe be x 

her leaſt diſtance. The reaton of this difference 

is, that when the Moon is fartheſt from the Earth, 

ſhe moves the ſloweſt; and when neareſt to ir, 
quickeſt. WSun 


is ſuppoſed to be divided into twelve equal parts, 
called Digits; and fo many of theſe parts as are 
darkened by the Earth's ſhadow, ſo many Digi 
is the Moon eclipſed. All that the Moon is 
eclipſed above 12 Digits, ſhew how far the ſhadov 
of the Earth is over the body of the Moon, on 
that edge to which lhe is 2 880 at the middle of 
the Ecli ple. | 


or beginning or ending of a lunar Eclipſe, even with 
a lunar. A a good 8 Feleſcore ; becauſe the Earth's ſhadow 1s 
3 10 Faint, and 11] defined about the edges, that when 
dle deter- the Moon is either juſt touching or leaving it, the 
1 obſcuration of her limb is ſcarce ſenſible; and 
therefore the niceſt obſervers can hardly be certain 
to four or five ſeconds of time, But 18 the be- 
ginning and ending of ſolar Eclipſes are viſibly 
in{tancaneous; for the moment that the edge 01 
the Moon's Diſc touches the Sun's, his roundnels 
ſeems a liitle broke on that part; and the momeli 


me leaves it, he appears perfectly round again. 
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51. In Aſtronomy, Eclipſes of the Moon are The ve of 
f great uſe for aſcertaining the periods of her e 
botions; Eſpecially ſuch Eclipſes as are obſerved Goorriehy, 
h be alike in all circumſtances, and have long nology. 
ntervals of time between them. In Geogra- 

hy, the Longitudes of places are found by 

clipſes, as already ſhewn in the eleventh chapter: 

ut for this purpoſe Eclipſes of the Moon are more 

eful than thoſe of the Sun, becauſe they are 

Fore frequently viſible, and the ſame lunar Eclipſe 

of equal largeneſs and duration at all places 

phere it is ſeen. In Chronology, both ſolar and 

unar Eclipſes ſerve to determine exactly the time 

pf any paſt event: for there are ſo many particu- | 

lars obſervable in every Eclipſe, with reſpect to it's 
quantity, the places where it is viſible (if of the 

Pun) and the time of the day or night; that it is 
Impoſſible there can be two folar Eclipſes in the 

courſe of many ages which are alike in all circum- 

ſtances, 3 oa = 19 

352. From the above explanation of the doc- The dark. 
tine of Eclipſes it is evident, that the darkneſs at RE 
our SAVIOUR'S Crucifixion was ſupernatural, For crecifizion 
he ſuffered on the day on which the Paſſover was, 
eaten by the Fews, on which day it was impoſſible 

that the Moon's ſhadow could fall on the Earth; 

for the Fewws kept the Paſſover at the time of Full 
Moon: nor does the darkneſs in total Eclipſes of 

the Sun laſt above four minutes in any place, $ 333, 
whereas the darkneſs at the crucifixion laſted three 

hours, Matt. xxviii. 15. and overſpread at leaſt all 


the land of Judea. 


* 
* 
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1 The Conſtruction of the following Tables, 2 
eh S A P. XIX. | ere V 
4 i ö oved 
qi Shewing the Principles on which the following Aue 
+ nomical Tables are conſtrulted, and the Mal ough 
#4 calculating the Times of New and Full Moons a The 
Fl, Eclipſes by them. poge 
Ns | noma 
1 3 — 5 H E nearer that any object is to the e thin 
FF of an obſerver, the greater is the ange The 
6.40 under which it appears : the farther from the eye, be « 
N the leſs. _ e Pe 
. The diameters of the Sun and Moon ſubtend erlge 
5 _ different angles at different times. And, at equi e me 
"ſy, intervals of time, theſe angles are once at the ben 
Fey greateſt, and once at the leaſt, in ſomewhat mot W. 
15 than acompleat revolution of the Luminary through e.! 
24 the Ecliptic, from any given fixed Star to the ame 
Fil Star again,—This proves that the Sun and Moc de 
7 are conſtantly changing their diſtances from the t 
WE Earth; and that they are once at their greateſt dif Th 
"BR tance, and once at their leaſt, in little more than bp 
40h a compleat revolution. ary 1 
th) The gradual differences of theſe angles a are not det 
ns. what they would be, if the Luminaries moved in en 
IM bo circular Orbits, the Earth being ſuppoſed to be WW"'S 
46 5 placed at ſome diſtance from the center: but they en 
7 agree perfectly with elliptic orbits, ſuppoſing the Wſ'*" 
AM lower focus of each orbit to be at the center of the * 
#74 Earth. PR; 
MY be fartheſt point of at. Orbit from the Ne 
Wy. Earth's center is called the Apogee, and the nearelt b5 c 
nt point is called the Perigee.—Theſe points are di- ' + 
* rectly oppoſite to each other. hot 
Hol | Aſtronomers divide each Orbit into 12 equi s 
OY parts, called Signs; each ſign into 30 equal parts, Wil. © 
AP called Degrees; each degree into 60 equal parts “ 
1 02 called Minutes; and every minute into 60 equal WW* * 
parts, called Seconds. The diſtance of the Sun oi 10 


Moon from any given point of it's orbit, * 
one 


The Conſtruction of the following Tables. 


ed through from any given point; not the 
Nee it is ſhort thereof in coming round again, 
ough ever ſo little. | 


pogee, at any given time, 1s called it's mean 
omaly: ſo that, in the Apogee, the Anomaly is 
thing; in the Perigee, it is fix ſigns. 


be continually accelerated from the Apogee to 


e mean anomaly is nothing, and ſwifteſt of all 
hen it is ſix ſigns. | 

When the Luminary 1s in it's Apogee or Peri- 
e, it's place is the ſame as it would be, if it's 
jotion were equable in all parts of it's Orbit, — 
he ſuppoſed equable motions are called mean; 
e unequable are juſtly called the true. 
The mean place of the Sun or Moon, is always 
Iwarder than the true place“, whilſt the Lumi- 


d the true place is always forwarder than the 
ean, whilſt the Luminary is moving from it's 
crigee to it's Apogee.—In the former caſe, the 
omaly is always leſs than ſix ſigns; and in the 
ter cale, more. 

It has been found, by a long ſeries of obſerva- 
ons, that the Sun goes through the Ecliptic, from 


Star of Aries to the ſame Star again, in 365 days 


ſeconds. The firſt of theſe is called the Solar 
ear, the ſecond the Sydereal Year, and the third 


* The point of the Ecliptic in which the Sun or Moon is, 
ay given moment of time, is called the p/ace of the Sun or 
loon at that time. : 2 


the 


ned in ſigns, degrees, minutes, and ſeconds, 
ere we mean the diſtance that the Luminary has 


The diſtance of the Sun or Moon from it's 


E The motions of the Sun and Moon are obſerved. 


e Perigee, and as gradually retarded from the 
Werigee to the Apogee; being ſloweſt of all when 


ary is moving from it's Apogee to it's Perigee; 


e Vernal Equinox to the ſame Equinox again, in 
b; days 5 hours 48 minutes 55 ſeconds : from the 


hours 9 minutes 24 ſeconds : and from his Apogee 
the ſame again, in 365 days 6 hours 14 minutes 
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The Conſtruttion of the following Tables, 
the Anomaliſtic Year, So that the Sotar Year is 


minutes 29 ſeconds ſhorter than the Sydereal; 30 


the Sydereal Year is 4 minutes 36 ſeconds ſhorts 
than the Anomaliſtic.—Hence it appears, that 
Equino#ial Point, or interſection of the Ecliptic ar 
Equator at the beginning of Aries, goes backwyd 
with reſpect to the fixed Stars, and that the Sun 
Apogee goes forward. wy 

It is alto obſerved, that the Moon goes throvpl 
her Orbit, from any given fixed Star to the fame 
Star again, in 27 days 7 hours 43 minutes 4 { 


conds, at a mean rate: from her Apogee to he 


Apogee again, in 27 days 13 hours 18 minute 
43 ſeconds : and from the Sun to the Sun again 
in 29 days 12 hours 44 minutes 3 - ſeconds, 

This ſhews, that the Moon's Apogee moves for 


ward in the Ecliptic, and that at a much quicket 


rate than the Sun's Apogee does; ſince the Moon 
is five hours 55 minutes 39 ſeconds longer in re 


volving from her Apogee to her Apogee again 


than from any Star to the ſame Star again, 
The Moon's Orbit croſſes the Ecliptic | in tu 


oppoſite points, which are called her Nodes: and 
it 1s obſerved that ſhe revolves ſooner from any 


Node to the ſame Node again, than from any Sta 
to the ſame Star again, by 2 hours 38 minutes 27 


ſeconds, which ſhews that her Nodes move back 


ward, or contrary to the order of ſigns, in tif 


Ecliptic. 


The time in which the Moon ewölves from the 
Sun tu the Sun again (or from change to chang: 
is called a Lunation; which, according to Dr! 


 Pounyd's mean meaſures, would always conſiſt 0 


29 days 12 hours 44 minutes 3 ſeconds 2 third 
38 fourths, if the motions of the Sun and Moo 


were always equable 1. — Hence, 12 mean Luna 


+ We have thought proper to keep by Dr. Pound's lengt 
of a mean Lunation; becauſe his numbers come nearer to ti 
times of the ancient Eclipſes. than Meyer” 5 85 wichout allo 
ing for the Moon's acceleration. 


tion 


The Conftruftion of the following Table * 


& ns contain 354 days 8 hours 48 minutes 36 
conds 35 thirds 40 fourths, which is 10 days 2x 


s than the length of a common Julian year, conſiſt- 
gof 365 days 6 hours: and 13 mean Lunations 
ontain 383 days 21 hours 32 minutes 39 ſeconds 


minutes 39 ſeconds 38 thirds 38 fourths. 

{ The mean time of New Moon being found for 
ny given year and month, as ſuppoſe for March 
700, Old Stile, if this mean New Moon falls later 
an the 11th day of March, then, 12 mean Luna- 
jons added to the time of this mean New Moon, 
will give the time of the mean New Moon in 
arch 1701, after having thrown. off 365 days.— 
But, when the mean New Moon happens to be be- 
fore the 11th of March, we muſt add 13 mean 
unations, in order to have the time of mean New 


addition. 35 . | 

Thus, A. D. 1700, Old Stile, the time of mean 
New Moon in March was the 8th day, at 16 hours 
11 minutes 25 ſeconds after the noon of that day 


morning of the gth day, according to common 
nations, or 383 days 21 hours 32 minutes 39 ſe- 
conds 38 thirds 38 fourths, and the ſum will be 
392 days 13 hours 44 minutes 4 ſeconds. 38 thirds 
38 fourths.; from which ſubtract 355. days, be- 
will remain 27 days 13 hours 44 minutes 4 ſeconds 
Moon in, March, A. D. 1701. 

4 D. 1703, we find the time of mean New Moon 


' hours 


ours 11 minutes 23 ſeconds 24 thirds 20 fourths 


8 thirds 38 fourths, which exceeds the length of 
common Julian year, by 18 days 15 hours 32 


Moon in March the year following: always taking 
care to ſubtract 365 days in common years, and 
366 days in leap-years, from the ſum of this 


(viz. at 11 minutes 25, ſeconds paſt IV in the 


reckoning). To this we mult add. 13 mean. Lu- 


cauſe the. year 1701 is a common year, and there 
38 thirds 38 fourths for the time of mean New 
Carrying on this addition and ſubtraRion till 


u March that year, to 8 on the ech day, at 7 
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hours 21 minutes 17 ſeconds 49 thirds 46 four 
paſt noon; to which add 13 mean Lunations, 3n 
the ſum will be 390 days 4 hours 33 minutes 
ſeconds 28 thirds 20 fourths; from which ſubtil 
366 days, becauſe the year 1704 is a leap-year, a 
there will remain 24 days 4 hours 53 minutes ; 
ſeconds 28 thirds 20 fourths, for the time of men 
New Moon in March, A. D. 1704. 
In this manner was the firft of the followin 
Tables conſtructed to ſeconds, thirds, and fourths 
and then wrote out to the neareſt feconds.—T 
reaſon why we choſe to begin the year with Marc 
was to avoid the inconvenience of adding a day t 
142 the tabular time in leap- years after February, q 
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11 ſubtraQing a day therefrom in January and Febry 
wn ary in thole years; to which all tables of this kin 
1 are ſubject, which begin the year with Januar, i 
EA _ calculating the times of New or Full Moons, 

E The mean anomalies of the Sun and Moon, an 


the Sun's mean motion from the aſcending Nod 
of the Moon's Orbit, are ſet down in Table 1] 

+ from one to 13 mean Lunations—Theſe Num 
9 bers, for 13 Lunations, being added to the radic 
_ anomalies of the Sun and Moon, and to the Sun 
mean diſtance from the aſcending Node, at th 
time of mean New Moon in March 1700, (Tablel, 
will give their mean anomalies, and the Sun's meal 

- diſtance from the Node, at the time of mean Nei 
Moon in March 1701; and being added for 14 
Lunations to thoſe for 1701, give them for th 
time of mean New Moon in March 1702. An 
ſo on, as far as you pleaſe to continue the Tat 
(which is here carried on to the year 1800) alva 
throwing off 12 ſigns when their ſum exceeds 12 
and ſetting down the remainder as the prope 
quantity. . 3 ee 
If the Numbers belonging to A. D. 1700 fl 
Table I.) be ſubtracted from thoſe belonging 
1800, we ſhall have their whole differences in 10 
compleat Julian years; which accordingly we 5 


2 
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be 4 days 8 hours 10 minutes 52 ſeconds 15 
tirds 40 fourths, with reſpect to the time of mean 
e Moon. Theſe being added together 60 times 
always taking care to throw off a whole Lunation 
hen the days exceed 294) making up 60 centu- 
ies, or 6000 years, as in Table VI. which was 
arried on to ſeconds, thirds, and fourths; and 
hen wrote out to the neareſt ſeconds. In the ſame 


ears; and then (for want of room) wrote out only 
to the neareſt minutes, which is ſufficient in whole 
enturies.— By means of theſe two Tables, we may 
find the time of any mean New Moon in March, 
together with the anomalies of the Sun and Moon, 
and the Sun's diſtance from the Node, at theſe 
times, within the limits of 6000 years, either be. 
fore or after any given year in the 18th century; 


third and fourth Tables, within the ſame limits, as 
ſewn in the precepts for calculation. 


the time of any New or Full Moon, if the Sun 
and Moon moved equably in all parts of their 
Orbits.—But we have already ſhewn that their 
places are never the ſame as they would be by 
equable motions, except when they are in Apogee 
or Perigee; which is, when their mean anomalies 
are either nothing, or ſix ſigns: and that their 
mean places are always forwarder than their true 
places, whilſt the anomaly is Jeſs than fix ſigns, 
and their true places are forwarder than the mean, 
whilſt the anomaly is more. 

Hence it is evident, that whilſt the Sun's ano- 
maly is leſs than fix ſigns, the Moon will overtake 
him, or be oppoſite ro him, ſooner than ſhe could 
if his motion were equable; and later whilſt his 
anomaly is more than fix ſigns.— The greateſt dif- 
* that can poſſibly happen between the mean 
U 2 and 


anner were the reſpective anomalies and the Sun's 
Littance from the Node found, for theſe centurial 


and the mean ume of any New or Full Moon in 
any given month after March, by means of the 


Thus it would be a very eaſy matter to calculate 
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and true time of New or Full Moon, on acepul 


of the Sun's apparent diameter at theſe times, i 


longer in winter than in ſummer. The greateſt 


conjunction with the Sun, or being in oppoſition 


Stion of the Sun and Moon. 


The ConfiruBion of the following Table 


of the inequality of the Sun's motion, is 3 hoy! 
48 minutes 28 ſeconds: and that is, when de 
Sun's anomaly is either 3 ſigns 1 degree, or 8 iow 
29 degrees; ſooner in the firſt caſe, and later 
the laſt.—In all other ſigns and degrees of any. 
maly, the difference is gradually leſs, and vaniſh 
when the anomaly is either nothing or fix ſigns, 
The Sun is in his Apogee on the goth of Jun 
and in his Perigee on the 30th of December, in th 
prefent age: ſo that he is nearer the Earth in out 
winter than in our ſummer. —TFhe proportional 
difference of diſtance, deduced from the difference! 


as 983 to 1017, 3 
The Moon's orbit is dilated in winter, and con- 
tracted in ſummer; therefore, the Lunations are 


difference is found to be 22 minutes 29 ſeconds: 
the Lunations increaſing gradually in length whill 
the Sun is moving from his Apogee to his Perigee, 
and decreaſing in length whilit he is moving from 
his Perigee to his Apogee. — On this account, the 
Moon will be later every time in coming to her 


to him, from December till June, and ſooner from 
June till December, than if her orbit had continued 
of the ſame fize all the year round. 

A s both theſe differences depend on the Sun's 
anomaly, they may be fitly put together into one 
Table, and called The annual, or firſt equation of il: 
mean to the true ſyzygy (ſee Table VII.). This 
equarional difference is to be ſubtracted from the | 
time of the mean ſyzygy when the Sun's anomaly 
is leſs than ſix ſigns, and added when the anomaly 
is more, At the greateſt, it is 4 hours 10 minutes 
37 ſeconds, viz. 3 hours 48 minutes 28 ſeconds, 
on account of the Sun's unequal motion, and 22 
The word Szygy ſignifies both the conjunction and oppo- 


De Conſtrution of the following Tables, 


ninutes 29 Teconds, on account of the dilatation 
f the Moon's orbit. 15 
This compound equation would be ſufficient for 


00 'Y 
Oure 
th 
1800 
Ih 
Mo- 
[hey 


he true time thereof, if the Moon's orbit were of 
circular form, and her motion quite equable in 
;—But the Moon's orbit is more elliptical than 


ne 
the] 
"Out 
nal 
ce 
l 


Pmetimes in conjunction with the Sun, or in op- 
poſition to him, ſooner by 9 hours 47 minutes 34 
ſeconds, than ſhe would be if her motion were 


former happens when her mean anomaly is 9 figns 
4 degrees, and the latter when it is 2 ſigns 26 de- 
grees. See Table IX. 


Apogee, the figure of the Moon's orbit becomes 
different.— It is longeſt of all, or moſt excentric, 
hen the Sun is in the ſame ſign and degree either 
with the Moon's Apogee or Perigee; ſhorteſt of 
all, or leaſt excentric, when the Sun's diſtance 
from the Moon's Apogee is either three ſigns or 
nine ſigns; and at a mean ſtate when the diſtance 
3 either 1 ſign 15 degrees, 4 ſigns 15 degrees, 7 
ligns 15 degrees, or 10 ſigns 15 degrees. When 
tie Moon's orbit is at it's greateſt excentricity, her 
J apogeal diſtance from the Earth's center is to her 
perigeal diſtance therefrom, as 1067 is to 933 


at the mean ſtate, as 1055 is to 945. 

But the Sun's diſtance from the Moon's Apogee 
is equal to the quantity of the Moon's mean ano- 
maly at the time of New Moon, and by the addi- 
tion of ſix ſigns, it becomes equal in quantity to 
the Moon's 'mean anomaly at the time of Full 
Moon. Therefore, a tahie may be conſtructed fo as 
to anſwer to all the various inequalities depending 
on the different excentricities of the Moon's orbit, 
in the ſyzygiesz and called The ſecond equation of 
9 3 U3 ibs 


educing the mean time of New or Full Moon to 


he Sun's, and her motion in it ſo much the more 
nequal, The difference is fo great, that ſhe is 


quable ; and at other times as much later.— The 


At different diſtances of the Sun from the Moon's 


when leaſt excentric, as 1043 is to 957; and when 
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The Conftruion of the following Tables 


the mean to the true ſyzygy (ſee Table IX.) and, pen 
Moon's anomaly, when equated by Table VIII. MI“ 
be made the proper argument for taking out th Ear 
ſecond equation of time; which muſt be added 
the former equated time, when the Moon's an 
maly is Jeſs than (ix ſigns, and ſubtracted whe 
the anomaly is more. 1 : 
There are ſeveral other inequalities in the Moon 
motion, which ſometimes bring on the true ſyzyoy 
a little ſooner, and at other times keep it back 
little later, than it would otherwiſe be: but the 
are ſo ſmall, that they may be all omitted excey 
two; the former of which (ſee Table X.) depends 
on the difference between the anomalies of the Sun 
and Moon in the ſyzygies, and the latter (| 
Table XI.) depends on the Sun's diſtance from 
the Moon's Nodes at theſe times. — The greateſ 
difference ariſing from the former, is 4 minutes 3 
ſeconds; and from the latter, 1 minute 34 ſeconds, 


Having deſcribed the Phenomena arifing from the iu. 
© qualities of the Solar and Lunar Motions, we ful 
nord ſhew the reaſons of theſe inequalities. 


In all calculations relating to the Sun and Moon, 
we conſider the Sun as a moving body, and the 
Earth as a body ar reſt; ſince all the appearances 
are the ſame, whether it be the Sun or the Earth 

that moves.—Bur the truth is, that the Sun is at 
reſt, and the Earth moves round him once a year, 
in the plane of the Ecliptic. Therefore, whatever 
ſign and degree of the Ecliptic the Earth is in, at 
any given time, the Sun will then appear to be in 
the oppoſite ſign and degree. 5 
The nearer that any body is to the Sun, the 
more it is attracted by him; and this attraction} 
increaſes as the ſquare of the diſtance diminiſhes; 
and vice verſa, _ 2 . 
The Earth's annual Orbit is elliptical, and the 
Sun is placed in one of it's focuſes, The remoteſ 


Gi 1 3 vp: © Polak 


The Conſtruction of the following Tables. 


The Earth's Aphelion ; and the neareſt point of the 
Farth's orbit to the Sun, is called The Earth's Peri- 
belion.— When the Earth is in it's Aphelion, the 


in it's Perigee, 
As the Earth moves from it's Aphelion to it's 


by the Sun; and this attraction, by conſpiring in 
ſome degree with the Earth's motion, muſt neceſ- 


its Perihelion to it's Aphelion, it is continually 
leſs and leſs attracted by the Sun; and as this at- 
traction acts then juſt as much againſt the Earth's 

motion, as it acted for it in the other half of the 
Orbit, it retards the motion in the like degree. — 
The faſter the Earth moves, the faſter will the Sun 
appear to move; the ſlower the Earth moves, the 
flower is the Sun's apparent motion. 


keeps conſtantly in one of it's focuſes.— The Earth's 

attraction has the ſame kind of influence on the 
Moon's motion, as the Sun's attraction has on the 
motion of the Earth: and therefore, the Moon's 
motion muſt be continually accelerated whilſt ſhe 
is paſſing from her Apogee to her Perigee; and as 
gradually retarded in moving from her * to 
her Apogee. 

At the time of New Moon, the Moon is nearer 
the Sun than the Earth is at that time, by the whole 
ſemidiameter of the Moon's orbit; which, at a mean 
ſtate, is 240, ooo miles; and at the Full, ſhe is as 
much farther from the Sun than the Earth then is. 
 —Conſequently, the Sun attracts the Moon more 


than it attracts the Earth in the former caſe, and 


leſs in the latter. The difference is greateſt when 


the Earth is neareſt the Sun, and leaſt when it is far- 


theſt from him. The obvious reſult of this is, that 
as the Earth! is neareſt to the Sun in winter, and 
2 v4 fartheſt 


int of the Earth's orbit from the Sun, is called 


Sun appears to be in it's Apogee; and when the 
Earth is in it's Perihelion, the Sun Spears to be 


perihelion, it is conſtantly more and more attracted 


farily accelerate it. But as the Earth moves from 


The Moon's orbit is allo elliprical, and the Earth 
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fartheſt from him in ſummer, the Moon's orbit 


reſpect to the Sun. 


ſigns, at the mean time of New or Full Moon, and 


_ Lunations there are 1446 days 23 hours 58 minutes 


The Conftrattion of the following Tables 


muſt be dilated in winter, and contracted in 
ſummer. 

Theſe are the principal cauſes of the difference of 
time, that generally happens between the mean and 
true times of conjunction or oppoſition of the Sun 
and Moon. As to the other two differences, viz. 
thoſe which depend on the difference between the 
anomalies of the Sun and Moon, and upon the Sun's 
diſtance from the lunar Nodes, in the ſyzygies, they 
are owing to the different degrees of attraction of 
the Sun and Earth upon the Moon, at greater or 
leſs diſtances, according to their reſpective anoma- 
lies, and to the poſition of the Moon's Nodes with 


If ever it ſhould happen, that the anomalies of 
both the Sun and Moon were either nothing or fix 


the Sun ſhould then be in conjunction with either 
of the Moon's Nodes, all the above-mentioned 
equations would vauiſh, and the mean and true 
time of the ſyzygy would coincide. But if ever 
this circumſtance did happen, we cannot Expect the 
like again in many ages afterward, 

Every 49th Lunation (or Courſe of the Moon 
from Change to Change) returns very nearly to the 
ſame time of the Day as before. For, in 49 mean 


29 ſeconds 25 thirds, which wants but 1 minute 
30 ſeconds 34 thirds of 1477 days. 

In295305908z108 days, there are 100000000000 
mean Lunations exactly: and this is the ſmalleſt 
number of natural days in which any exact number 
of mean Lunations are compleated. 
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T A BLE I. concluded. Old Stile. 
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[TABLE IV. The Days of the Year, reckoned from 11, 
| beginning of March. 
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| TABLE V. Mean Lunations from 1 to 100000. 
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TABLE VI. The firft man. New Moon, with the mean 4u. 
mates of the Sun and Mom, and the Sun's mean Diſtance from 


Firſt © 


New Moon. 


1 Sun's mean 
' Anomaly. - 


*$42IK 
urunſ 


o. H. M. s.“ 


the Aſcending Node, next after complete Centuries of Julian years 
2 Moon's mean | Sun from 


Node, | 


346-6: 


8 10 52 

8 16 21 44 
13 © 32 37 
37: OF OY 
21 16 54 21} 
1 
o 20 32 4 

$$ SIM 


00 Oo 
O A 


1 


4 19 27 
9 855 
l 28 22 
6 17 49 


9 9 


wi =; 0 O 


pot — 


TY” : 


11 7 16 
3 26 44 
9 15 31 


7115 


13 21 


9 12 53 47 


7834313100 


26 21 37 16 

117 4 6 
1 14 58 
10 9 25 5011 
— — — — i 
14 17 36 42 
„ 
23 9 58 27 
27 18 9 19 

2 13 36 81 

0: 314357 - 20 | 
11 19 47] 


557 53 


15 14 8 45 


19 22 19 38 
24 6 30 30 
28 14 41 22 

à 10 8 11 


2 29 5011 


4 40} 
18 5 1 3 
22 13 26 24 


K * „ 


A 0 O 88 


142425 
9 13 53 
1.3 3 20 
6 22 47 


11 12 15 
3 
7 20 29 
o 9 56 


4 29 23 
9 18 51 
2 8 183 


6 27 45 


—— 


10 10 32 
13 6 © 
7 25 27 
O 14 54 


—_— — —-—¼.. 


11 26 29 6 
11 29 50 2 


15 4% 


9 23 49 
2 13 16 
16-3 $ 


10 21 30 
3 10 5Þ 


| 019 52 


| 8012200 
E 


TABLE 


8. © 25 I 


Aftronomical Tables. 305 


2 — 


WF — 


T AB L E VI. concluded. 


14 Firſt Sun's mean |Moon'smean [Sun's mean Dit. 
| Luna- 8 S. New Moon. Anomaly. | Anomaly, | from Node. 

| tions. = — — |- — 
| | D. 15 M. 8. 8 O 8 00 8 o 

. 4— — e | 88 


Wl ,08:7[3300| 25 3 2 33/1 24 120 1 13 49} 5 9 20 
42054/3400 29 11 13 25[11 27 339 29 19 28 47 
4329003500 4 6 40 1411 1 48] 5 18 441 17 34 
44527|36c0] 8 14 51 615 92 4 „ 838 


6764/3700 12 23 1 5g|iz 8 3010 19 28110 26 29 
4500103800 17 7 12 gift 11 gi] 7 4 50 3 15 564 
4823803900] 21 15 23 4311 15 12] 3 20 12 8 6 oy - 
4947514200] 25 23 34 3511 18 3310 6 3414 24% 500% 


37110410 o 19 1 25/10 22 487 25 7] 4 13 37 

510484200 5 3 12 1710 26 9 4 10 299 

6318514300] 9 11 23 910 29 31] © 25 51 1 22 32 
nn nne dene 


55659]4500] 18 3 44 54/11 6 13] 5 26 35/11 1 27 
568964600] 22 11 55 46011 9 34] 2 11 57] 3 20 544 
581334700 26 20 6 3811 12 5510 27 198 10 21 
5936914800] 1 15 33 2710 17 9 6 16 52011 29 il 
| | | J 

ö 


bobo6]4900] 5 23 44 20010 20 31 3 

61843]5000] 10 7 55 12110 23 5211 1. 

b3080]5100] 14 16 6 410 27 1348 2 58] 1 27 30 
643175200] 19 © 16 56611 o 34] 4 | 


653545300] 23 8 27 49% 3 5% 1 3 
66791] 5400] 27 16 38 41ji1 7 16] 9 19 42 25 52 
b8028]5500] 2 12 6 gojto 1131] 6 1985 

692655600 6 20 16 2210 14 521 1 


7050 570% 11 4 27 15/10 18 14110 | | 
717395800 15 12 38 yj1o 21 356 24 43] 9 13 1 
1297615900] 19 20 48 5g}io 24 56] 3 3 
14212[6000] 24 4 59 52/10 28 17111 25 27] 6 21 66 


1 La { 


If Dr, Pound's mean Lunation (which we have kept by in making 
theſe Tables) be added 74212 times to itſelf, the ſum will amount to 6000 
Julian years 24 days 4 hours 59 minutes 51 ſeconds 40 thirds; agreeing |. 
with the firſt part of the laſt line of this Table, within half a ſecond. 
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TABLE VII. The annual, or firſt Equation of the mean to H 
a true Syzygy. | 3 
Argument. Sun's mean Anomaly. — 
8 Subtract. — 
W 3 4 5 [nM 
2 | Signs Sign Signs Signs | Signs Signs 8 - 
| © 3272 OR CO TT ny ara BY 5 
f & jH. M. S. UH. M. 8. H. M. S. EH. M. S. H. M. 8. H. M. S.] * 
—＋ F 0 
90 0. 01 2..3 12 3 35 Og 4 10 $31.3. 39 30] 2 7 45139 — 
1— | | — —ͤ— . — Il 
[iſo 41802 655] 3 37 10] 4 10 57] 3 37 19] 2 3 5: 
20 $.35]-2 10 36] 3 39 18] 4 10 55] 3 35 6 2 o 1:2 ; 
3] © 12 52] 2 14 14j 3 41 23] 4 10 49] 3 32 50 1 56 // 4 
40 17 8| 2 17 52] 3 43 264 4 10 39] 3 30 3of 1 52 , 
5 21 2402 21 27] 3 45 25] 4 10 24] 3 28 5| 1 48 4% 
660 25 39] 2 25 9] 3 47 194-4 10 4| 3 25 350 1 41 1124 7 
21 28 55} 2 28 29 3 49 74 9 39 3 23 of 1 39 56:4 8 
80 34 11] 2 31 571 3 59 501 4 9 1oj 3 20 2o| 1 35 49]22 9 
| 9] 38 26| 2 35 22] 3 52 29 4 8 37] 3 17 35] 1 
% 42 39] 2 38 44] 3 54 4] 4 7 59] 3 14 49] 3 
WE : 28 | * | | 1 
110 46 52] 2 42 3] 3 55 35] 4 7.16] 3 11 59 
11260 51 4 2 45 18] 357 2] 4 6 29] 3 9 6 
1360 55 17] 2 48 30 3 58 27] 4 53743 6 10 
1141 © 59 27] 2 51 40 3 59 49] 4 4 41] 3 3 10 
[540 $:304-3-54 651 4 4-714 3:40 3: 9:7 
— | | | — | 
103-3 7:45} 2-47 £31 4. 2.1384 2:36} 57: © 
17] 1 11 53} 3 © 54] 4 3 23] 4 1 26] 2 53 49 
13] 116 O3 3 5 4 4 22] 4. 0. 12] 2 50 36 
i9] 1 29 6] 3 6 45| 4 5 18] 3 58 52 2 47 18 
21 24 10 3 9 36] 4 6 10] 3 57 27] 2 43 57 
z1] 1 28 12] 3 12 24] 4 6 58] 3 55 59] 2 40 33 
22] 1.32 12Þ 3 15 94 7 41] 3 54 2512 37 6 
23] 1 36 10 3 17 51] 4 8 81 3 52 49] 2 33 35 
124] 1 49 6 3 20 30 4 8 57]:3 51 9 2 30 2 
425] 144 1] 3 23 5| 4 9 29 3 49 26] 2 26 26 
26] 1 47 54] 3 25 36] 4 9 55] 3 47 38] 2 22 47 
27] 1.51 46] 3 28 31 4 10 16 3 45 44] 2 19 5 
28] 1 55.37 3 30 26] 4 10 33] 3 43 45] 2 15 20 
[29] 1 59 20] 3 32 45] 4.19 45} 3.41 40 2 11 35 
zo} 2 3 12]. 3 35 0 4 19 $3] 3 39 302 7 45 
S 11 10 9 8 | Þ 
10 Signs Signs Signs Signs | Signs 
p Add 5 
et i! 


Aſtronomical Tables. 5 30% 
— TABLE VIII. Equation of the Moon's mean Anamaty. 
= Argument. Sun's mean Anomaly. 
"off Subtract y ; 
"MIKE. LS 4 4 1 3-8 
I Signs Sign | Signs | Signs Signs Signs If 
Re: yy 8 „ 
. om 1 | | | | W BN 
%o O of o 46 45| 1 21 32] 1 35 1 23 4 0 48 1913 
to 1 37] 0 48 10] 1 22 21] 1 35 2|1 22 14 0 46 51 - 
% 3 18 0-49” 364 1.23 01. 4: 3g 1 21 241 © 45 231028 
310 4 52] © 50 531] I 23 $74 1.35 r 20 321 O 43 54127 
4% 6 28] 0 52 19 1 24 41 1 34 57] 1 19 38] 0 42 2426 
o 8 60 53 40] 1 25 24] 1 34 50 1 18 42] 0 40 53125 
fo 9:42] ©:55--0 i 26 6| 1 34 43} 117 45] 0 39 2724 
110 11 20] © 56 21| 1 26 48] 1 34 33] 1 16 48] 0 37 4923 
o 12 56] 0 57 38] 1 27 280 1 34 22] 1 15 47] 0 36 15|22 
qo 14 33] o 58 56] 1 28 6| 1 34 91 14 44 o 34 40| 21} 
o o 16 10] 1 © 13] 1 28 43] 1 33 53] 1 13 40 33 5/20 
10 17 47 1 1 29 1 29 17] 1 33 37] 1 12 37] 0 31 41019 
2 0 19 23] 1 2 43] 1 29 51] 1 33 zo 1 11 33] © 29 54/18 
zo 20 59] 1 3 36] 1 30 22] 1 33 ol 1 10 26 0 28 18|17 
410 22 35 1 5 8 1 30 50 1 32 38] 1 9 17] o 26 4016 
0 24 10 1 6 18] 1 31 19] 1 32 14] 1 8 B[o 25 3151 
60 25 451 7 27] 1 31 45] 1 31 Fol 1 6 58] o 23 23 14] 
No 27.19] 4 8 70] 1 32 12 1-31-23] 1 f 460 21 45113]- 
160 28 62 1 9 42] 1 32 34| 130 55] 1 4 32] 20 712] 
1910 30 25] 1 10 49] 1 32 57] 1 30 25] 1 3 19] 0 18 288111 
2010 31 57] 1 11 54] 1 33 17] 1 29 54] 1 2 1 o 16 4810 
o 33 29 1 12 5B] 1 33 36| 1. 29 200 1 O 45 0 16 8] 9 
2210 35 21 14 1 1 33 52] 1 28 45 © 59 26 0 13 288 8 
310 36 32 1 15 1 134 6 1 28 9 0 58 7 0 11 48} 7 
4% 38 11 16 of 1 34 18] 1 27 30 0 56 45] 0 10 7 6 
50 39 29] x 16 59] 1 34 30] 1 26 50 0 55 23] o 8 20 5 
0 o 40 59] 1 17 57] 1 34 40] 1 26 27] 0 54 10 6 44/4 
710 42 26] 1 18 52 1 34 48] 1 25 5 52 370 5 3| 3 
0 43 54] 1 19 47] 1 34 54| 1 24 39] f 12]o 3 21] 2 
910 45 19] 1 20 40 1 34 58] 1 23 52] O 49 45] o 1 40] 1 
30 0 46 45] 1 21 320 1 35 1]123 4] 048 190 o of © 
ee A STIR | 1 —— — 
AE 7K 8 7 © P 
Signs | Signs | Signs Signs Signs Signs os 
13 Add | . 3 
| 45 4 TABLE 
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_ TABLE IX. The ſecond Equation of the mean to the true 9259 
Argument, Moon's equated Anomaly. 
„ = 4 N 
| Signs | Sign | Signs {| Signs Signs Signs £ 
1 H. M. s. H. M. 8. H. M. S. IH. M. S. FI. M. S. H. M. $15 
400. 0 95 12 48 8 47 381 9 40 44] 8 8 59 4 34 33035 
io 10 58] 5 21 56 8 51-451 9: 46 318 3 12 4 26 1020 
2] o 21 56| 5 30 57] 8 56 10] 9 45 12] 7 57 23] 4 17 25128 
3] © 32 540 5 39 51] 9 © 25] 9 44 11] 7 51 330 4 8 47/21 
4] 0 43 52] 5 48 37] 9 4 31] 9 42 59] 7 45 46] 4 0 726 
5 5459] 5 57 17]9 8 25] 9 41 36] 7 39 46] 3 51 23025 
611 5 486 551]912 99 40 3/7 33 36] 3 42 32124 
7] 1 16 46] 6 14 19] 9 15 43] 9 38 19] 7 27 22] 3 33 38023 
8] 1 27 44] © 22 41] 9 19 5 9 36 24| 7 21 2 3 24 42/220 
| 9] 1 38 49] 6 30 57] 9 22 14] 9 34 18] 7 14 30 3 15 44% 
100 1 49 33] 6 39 4/9 25 12] 32 1] 7 7 50 3 6 45/0 
2 0231547 c[927 5419 29 33]7 1 2|2 57 4010 
112] 2 11 10] 6 54 46 9 30 32] 9 26 54 6 54 8| 2 48 39180 
13] 2 21 54|7 2 24] 9 32 58] 9 24 4 647 9 2 39 34|17}F 
14] 2 32 34| 7 9 5219 35 1209 21 3] 6 40 6 2 30 28160 
15] 2 43 9] 7 17 99 37 14917 $1] 6 32 56/2 21 19 
116 2 53 38] 7 24 19 9 39. 8 9 14 28] 6 25 4o| 2 12 8114 
17] 3 4 37 31 18] 9 40 51] 9 10 54] 6 18 18] 2 2 53113 
18] 3 14 24| 7 38 9 42 21] 9 7 9 6 10 49] 1 53 3611: 
19] 3 24 42] 7 44 51] 9 43 42] 9 3 13] 6 3 16] 1 44 16/1 
20] 3 34 58] 7 51 24] 9 44 53] 8 59 65 55 38] 1. 34 54110 
21] 3 45 11] 7 57 4519 45 52] 8 54 80 5 47 540 1 25 31 
22] 3 55 21] 8 3 56] 9 46 38] 8 50 24] 5 40 41115 7 
12314 5 2608 9 57]9 47 13] 8 45 48] 5 32 gf 1 641 
1-4] 4 15 26] 8 15 46] 9 47 3608 41 2| 5 24 9% 57 13 
3 8 21 24| 9 47 49 8 36 65 16 $510 47 44 
20 4 35 68 26 53]9 47 5408 31 5 7 560 38 13 
27] 4 44 42] 8 32 11] 9 47 46 8 25 44 4 59 42] 0 28 4 
28] 4 54 11] 38 37 19] 9 47 33] 8 20 18] 4 51 15] 0 19 8 
29] 5 3 33] 8 42 18] 9 47 14/8 14 33] 4 43 200 934 
30 5 12 48] 8 47 8] 9 46 44]8 8 59] 4 34 3319 2 3 
S| un 10 8 8 7 6 
ve | Signs Signs Signs | Signs Signs | Signs 
| | Soubtract | 3 
Ls ts mM 5 TABLE 
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Aſtronomical Tables. 


: * 
8 


TaBLE X. Thethird Equation of 


the mean to the true Syzygy. 


TABLE XI. The fourth Equation of | 


the mean to the true 8 Y- 


Aument. SUN'S Anomalv.—Moon's Anomaly.¶ Argument. Sun's mean Diftance trom the Node. 


digns digns Signs Aad 
5| o Sub.| 1 Sub.| 2 Sub. os et "WF 4 a 21 &:. 4 
7 6 Add 7 Add| 8 Add 6 "ORs 7 Sig. 41 * — 
0 — —— | — — 18 

M. 8. M. 8. M. 8. {*] M. s. M. S. M. 8. 
A o o| 2 22 4 1230 00 Oli 221 22 30 
e „ 2 20] 4 16 [a39Þ}-x| 0 I 1 21 29 
VVVVTVVTVTTTTTVVVTCCV 71-1-.49 
0 163 2 36 | 4 ĩ˙ $099 23-0: 40 |: Þ. $5 1 18 (27 
VJ! ß 0 14] 4-26 |-:4--26 486 
e 25] 2 42] 4 27 5 o x6] 1 27 1 1425 
6 o zo] 2 46 4 30 |24|| 6 ©. 20-1. 1 2801 
1 0354 ©. $0:]: 4. 32-138 73 0 -23-1]- 1- 29 | 21 10:383 
0 40 F-2 $4 1] 4-34 1228 $1.0 201: 21 40 ].1 8 22 
JJV o 4 a1} 2-6 481 
%o 50 3 2:] 4 38 J2oflio}: 32 17 32 1 31 
e s 3 4 409 if 35 „F„55ͤĩ ] ́U OU 
1-034 10614 42 HS] 0 381 1-441 0:59 118k 
3 $41.5 141 4: 44-]97]1134} 0 41] 1.34 | 0-54 417 
W1- 101-4 flix e . 
561 15] 3 221 4 48 1/015] Oo 47 | 1 34] 4915 
61] 1 20 | 3 26 | 4 50 [14]i6] o 50 1 34] o 45 14 
25 $ inne 0-524 1 3&1] © ei 
1 30] 3 34 4 5212180 o 54| 1 34| o 37 |12 
92,35] 3 35 | 4 53 fie © 57.4 1 33] © 34 11 
20 1 40 | 3 42 4 54 jJiolſjzo|] 1 © 3-34.30... 34 $10 
1 454-3 45 4 55 9121 2 1 32 8 1990 
a 1.491] 3 451.4. 56] eee 5] 1 eee 258 
23] 1 52 3 51 „ 23] $08 3 © 42 7 
i 63 $4 | 4 £7 3 Ofes| 23 1067 1. [0-19 1-6 
m1. O07 3.87 1-4 $71 $3851 1 12]: 1::-28-3-.0.-10:1 58 
12 41-4 0] 4: 58 4%½6/ 1 14 1 27] o 134 
12 91 4:31 4.551 $0194 1 16] 3 261 0.10 | 3 
J)) 461 4 87 2028. 1 18] 2.251.061] af 
m2 BS 09: 424881 , 
„ 1]. 4 *12.] 4. 58 1 off8o]: 1.22 {1.23 1-004 6 
| 2 PEO RY | —41— Bf — 
&| Signs | Signs | Signs |S . 83 N 
. 5 Sub. 4 Sub 3 Sub. — 

It Add ſio Add] o Add. 
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TABLE XII. The Sun's mean L 2 an 
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wojdulos 
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2 fu 
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by fed bed — — 
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Sun's mean 
| Longitude. 


/ 7 


„ 
9 24 5% 
10 9.19 
1854 30 
1 IY 30 
15 26 30 
10 11 50 
16 57 10 
17 42 30 
18 27 50 


19 58.30 
20 43 50 
21 29 10 
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Motion. 
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© S. 
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as 

S v3 
— (25 
2 © 


hat — 
— — 
8 
O 
{I VI 
O + 
WI Wn 
2M OC 


19 13 10 


dun's mean SS Sun's mean 
Anomaly. s 5} Motion. 
| — 5 — — 
8 0 ˙ LET 
6 28 48 1 29 24. 16 
B 26 89 „„ 
06. x6 Ji 9 0-18--8 
„ 8 97 12 
0-24 © oO © 36 16 
6 19 32 o o 45 20 
6 18 36 3 
6 17 46 0 2 16 6 
6 16 44 8 
6 15. 40 o 3 46 40 
6 14 53 O 4 32 © 
6. 13 $9 9 . 6:19.20 
6: .--43-- 4 0 2 10 
5 12. 6 9 6 44-0 
eee gs O 7 33 20 
Sun's mean o 15 6 40 
| Anomaly. O 22 40 © 
— 4 11000 
ä 1 7 46 40 
— | I 15 20 © 
11 29 45 eg 
11 29 29 Sun's mean 
11 29 14 Motion. 
. — 
11 29 44 . 
11 29 27 — — 
1 "6010.9 
Ton F-01342 36 
11 29 40 128 911 
11 19 236 2 28 42 30 
13 29: 4 3 28 16 40 
11 $9 87 4 28 49 58 
il 29 37 5 28 24 
11 79 3 6 28 57 26 
a+, 99-0 7 29 30 44 
11 29 $9 8 29 4 54 
[4:49.38 9 29 38 12 


| Sun's mean 

Anomely. 

. | 
1 4 
11 4800 
1 29 5] 
11 26 
11 15 
11 4 
11 8 
11 1 
UI 16 
11 21 
Il 24 25/0 
11 29 
il 3 
„„ 
11 20 41 
11 22 
11 z 
tO 44 
10 WT © 
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TABLE XII. concluded. 
—Toan's mean | Sun's mean | Sun's mean | Sun's mean | Sun's mean 

Motion and | Motion and | Dift, from | Motion and | Diſt, from 
&| Anomaly. Anomaly. | Node. Anomaly. | Node. 
* | Ta 1 DEE ORD 3 
S 3 H 0 , 47 0 , 5 RIG 7 4 4 ”” 

, 0 7 75 M V 75 75 M * ". 7” 1 17 „% n. 
= . — 8 Ts 484 #4444} 77 75. 4147 S in 1874 „7 97 72... | 
iſe 030 — — — — —— | 
2% 158 17] 1]o 2 288 2 36131 1 16 23} 1 20 30 
zſo 2 57 25] 20 4 566% 5 12j32]118 511 23 6 
4 3 56 33] 30 7 240 7 48133] 121 19] 1 25 42 
o 4 55 42] 4 9 5% 0 10 23134] 1.23 47] I 28 18 
blo 5 54 50 50 12 19} 12 690350 1 26 15] 1 30 54 
7ſo 6 53 58] 6 14 470 15 35[36| 1 238 42 1 33 29 
$0 7 3 7þ-7-0 17 15} 0.18 - 2137] 2.31 10}-4. 36 8 
9ſo 8 52 15] 81 0 19 43} © 20 4738] 1 33 38] 1 38 4c 
1oſo 9 51 23} gf © 22 11] © 23 233901 30-6] 1 41-16} 
1110 10 30 Z2|lol O 24 38] o 25 58140] 1 38 34| I 43 52} 
12]0 11 49 4ojti} o 27 660 28 34/41 141 21 46 28 
1310 12 48 48012 0 29 34j © 31 10{42] 1 43 301 49 4 
140 13 47 57113] 32 200 33 45/43] 1 45 57] 1 51 39 
150 14 47 5114 © 34 20 © 36 21044] 1 48 25 1 54 15 
160 15 46 13015 0 36 5800 38 57/45 1 50 53] 1 55 5 
170 16 45 22100 0 39 2660 41 3340 1 53 21} 1 59 27 
180 17 44 307 0 41 53} © 44 8/47 1 55 49% 2 2 3 
iglo 18 43 38818 0 44 21] © 46 44488 1 58 17] 2 4 39 
2000 19 42 4719 0 46 49] © 49 2049] 2 0 442 7 13 
2116 20 41 55/200 © 49 17] © 5% 56/5002 3 122 9 50 
220 21 41 3210 © 51 45} © 54 32051 2 5 40} 2 12 25 
2300 22 40 122 0.54 1340 57 885 2 8 8] 2 15 2 
2410 23 39 20023 0 56 qo 0 59 43530 2 10 36] 2 17 38 
2519 24 38 2824/0 59 8 1 2 1954/2 13 402 20 14 
2010 25 37 37|25} 1 1 361 4 5555/2 15 32 2 22 50 
2710 26 36 4526 1 4 44 1 7 31500 2 17 59 2 25 20 
2810-27 35 53/1 6 32 1 10 757 2 20 27 2 28 2 
290 28 35 2028 1 9 of 1 12 4358] 2 22 550 2 30 38 
zoſo 29 34 1o[2g] 1 11 288 1 15 1959 2 25 23] 2 33 14 
3111 30 33 18130] 1 13 551 1 17 g5foof 2 27 511 2 35 50 
In Leap-years, after February, add one day, and one day's motion. 
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TABLE XIII. 


8 


Equation of the Sun's center, or the diſßerenci 
between his mean and true Place, 


Argument, 


Sun's mean Anomaly, 


| Subtract 
bat. Fo Rd 3 
5 Signs Sign Signs Signs & 
|, 7 = 0 , 75 0 7 7. Q 
oo 0 56 47 661 55 37 
1% 1 59 o 58 30 711 55 39 
270 1087.10 61 1-56 38 
VC 3] 1 55 36 6 
„ 59] *::55 ö 
50 1 1 8 521 55 2441 
610-11 Fo 5 I 44] 1. 55 15 1 
710 13 43] 1 8 1 45 34] 1 55 3 
8] © 15 40] 1 10 22}. 1 54 80 
910 17 43] 1 11 I 811 $4 35 
oo 19 40 1 13 I 5311 54 17 
D 21 371 14 41] I 33 [ 3:3. 57 
0 23 3311 16 I i5} 1 53 36 
O 25 29] 1 17 40 1 49 54] 1 53 12 
o 27 25] 1 19 8} 1 50 3oſ 1 52 46 
.0 29 20 1 20 1 511 $2 18 
o 31 151-1 -21 59] 1-51 37 1:51 -48 
o 33 9|1 23 22/1 52 8151 15 
o 35 2| 1 24 44] 1 52 36] 1 50 41 
o 36 55] 1 26 5] 153 3] 150 5 
o 38 47] 1 27 24} 1 53 27] 1 49 26 
© 40 39] 1 28 41] 1 53 50 1 48 46 9 
9 42 30 1 29 57] 1 54 no] 148 3 Sa 
o 44 20] 1 31 11] 1 54 28] 1 47 19 7 
0 46 9 1 32 25| 1 54 44 1 46 32 5 
9 47 57] 1 33 35] 1 54 58] 1 45 44 5 
o 49 45] 1 34 45] 1 55 1of 1 44 53 4 
51 32] 1 35 53] 1 55 20] 1 44 1 3 
o 53 18] 1 36 5g} 1 55 28] 143 7 2 
o 55 3] 1 38 1 55 34] 1 42 10 f 
o 50 47] 39 6 1 55 37] 1 41 12 Pp 
11 10 | 8 S 
Signs Signs Siens | Signs 5 
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TABLE XIV. The Sun's TABLE XV. Equation of the Sun's 
Declination. mean Diſtance from the Mode. 

Argument. Sun's true race, || Argument. dun's mean Anomaly, 
ſdigns. Signs. | Signs, | Subtract 
lo N.| 1 MN. 2 N. |S & 0 „ 3 145 8 
6 8. 7 &. 8 §. 8 ſos Signs. Sign. Signs. Signs. Signs. Signs. 

L700. 0 T 
coo oi 3ojſzo 11130 odo 21 47/2 51 goſt 430 
o 24111 51020 2429 10 21 441 48/2 5/1 48jt 2129 
20 48012 110/20 36280] 2ſo⸗ 4j1 1 452 51 47 ofz8} 
11 12/12 32j20 48027 3|o oft 8/1 5 5/1 460 58027 
4|1 3602 53/20 59/260 4% gfr roj! 5102 5/1 45 56126 
zii 5913 13121 1025/0 SRO 11/1 12] 52]2 51 441? 54425 
4 23113 33/21 210240 600 13] 1401 53]2 51 4300 52024 
52 47/13 53121 310230 70 15]: 1602 54/2 4/1 41% 5023 
8 3 11/14 1221 41/220 800 17]1 17/1 55[2 4/1 40ſ0 48022 
ol 3 34114 3101 5021 gfo 191 18/1 5602 4/1 39ſ0 46j21 
10 3 58814 goſzt 5920 roſo 2101 191 5702 2% 37% 4420 
4 22]15 9022 81911 23/1 2101 5/2 31 3600 42119 
124 45/15 28022 1618 1240 2501 22/1 5802 2/1 34jo 4018 
1315 915 460622 24/1730 28]1 2401 59j2 3/1 33/0 37117 
ls 32116 422 31160140 3001 2602 ofz 201 3100 35/160 
155 5516 22022 38015150 3211 1 2 21 300 33 5 
1606 1816 39122 4514 1600 3401 2802 1]2 1 2800 3114 
76 41016 57/22 5 113770 3601 3002 102 101 27 2913 
87 417 1422 56061201800 38] 312 22 cor 25/0 27/12 
197 2717 3023 211190 4001 342 212 O1 240 24[I1 
20 7 gcollp 445123 6102000 4201 35] 2 31 5% 2300 22010 
218 1318 2023 110 9/2100 441 3602 301 501 21ſ0 200 9 
22] 8 35118 18023 14 84220 40ſt 3712 $1 591 1900 15| 8 
2319 $7118 33]23 18] 7/230 481 30/2 4/1 5710 17] 10} 7 
4 2ch18 48023 21] 612419 goft goſ2 4/1 56/1 15] 12] 6 
59 4219 323 230 5025/0 52j: 412 4/1 55/1130 11] 5 
61o 419 1723 25 4/260 5401 43/2 5/1 54/1 110 9 4 
2710 25/9 31023 27 3 70 .c6[t 44/2 5/1 531 90 73 
2800 47/19 4523 28 2 jo 5801 48/2 5/1 5211 Blo 5 2 
29% 89 58023 29 1/29] oft 4602 5/1 cit %o 3] 1] 
a 3cj20 11023 29 off 30fl 2j1 47/2 5/1 oft 4io of of 
— a e ene 
9 *igns. | Signs. | Signs. 0% 767 
S vo 11 (Signs. Signs. [Signs.|Signs.[S1gns.[Signs.| 29 
311 §. 10 8. 9 S. > _ 
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I AB L E br Vi TABLE XVII. The Moon, . Parallax, wit 


The Mnon's Lati- 
tude in Eclipfes, 


A gument. Moon 45 
equated Diſtance 


from the Node. 
Cate 

North Ajcending, 
6 S gus. 


South Deſcending, 


* FA 


of 0 0 
©] '© .. Q.-:-.: 01}3© 
14 ©. 5 15129 
21 0 10 3029 
VV 
40 20 3926 
26 1325 
5 311 252 
7] 36 39023 
„ 
407: 0:47 22121 
„„ 03: 3330 
t1]- 0 57 -23119 
„„ 
„ 
1441 12 446 
„„ T7. 490065 
tOF--1.. 22 5204 
„„ 
in 
% 37 4% 
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HER Signs. 
North Deſtending, | 


11 Signs. 
South Aſcending. 


This Table ſhews 
the Moon's Lati- 
tude a little beyond 
the utmoſt Limits 
ſof Eclipſes. 


the Semidiameters and true Horary Motions of th, gin 
and Moon, to every flæth degree of their mean Anomalie 
intermediate degrees being 20% 


the quantities for the 
propertioned by fight. 
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| 


ep, 
38 s, ung 
ung 
ON 


_*000JA 
pur Ung jo 
A(EWOU w 


pur ung JO 


Aſemouv 
XbIbaeg 
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Precepts relating to the preceding Tables. 


T1 calculate the true Time of New or Full Moon. 


PreceeT I. If the required time be within the 


mits of the 18th century, write out the mean time 
of New Moon in March, for the propoſed year, 


om Table I. in the Old Stile, or from Table IT. 


nthe New; together with the mean Anomalies 
of the Sun and Moon, and the Sun's mean Diſ- 
ance from the Moon's aſcending Node. If you 
want the time of Full Moon in March, add the 
half Lunation at the foot of Table III. with it's 
Anomalies, &c. to the former numbers, if the 


New Moon falls before the 15th of March; but 
fit fals after, ſubtract the half Lunation, with 
the Anomalies, &c, belonging to it, from the 


former numbers, and write down the reſpective 
ſums or remainders. | | 

II. In theſe additions or ſubtractions, obſerve, 
that 6o ſeconds make a minute, 60 minutes make 
degree, 30 degrees make a ſign, and 12 ſigns 
make a circle. When you exceed 12 ſigns in ad- 
dition, reject 12, and ſet down the remainder.— 
When the number of ſigns to be ſubtracted is 
greater than the number you ſubtract from, add 
12 ſigns to the leſſer number, and then you will 


have a remainder to ſet down.—In the Tables, 
lens are marked thus *, degrees thus*, minutes 


aus", and ſeconds thus“. 

III. When the required New or Full Moon is 
IN any given month after March, write out as many 
Lunations, with their Anomalies, and the Sun's 
liſtance from the Node, from Table III, as the 


fven month is after March; ſetting them in order 


below the numbers taken out for March. 

IV. Add all theſe together, and they will give 
lie mean time of the required New or Full Moon, 
uta the Mean Anomalies and Sun's mean diſtance 


fom the aſcending Node, which are the Argu- 


ments for finding the proper Equations. | 
A V. With 


YES 


we, rr 


316 


Full Moon in the left-hand column, which f. 


ſiums, and then you will have a new ſum of day 


Anomaly, enter Table VII. and therewith takd 


Equations, that if the ſigns are at the head of the 
Table, their degrees are at the left hand, and arg 
_ reckoned downwards; but if the ſigns are at the 


hand, and are counted upward ; the equation be 


In this Table, the Equation is to be ſubtracted, if 
the ſigns of the Sun's Anomaly are found at the 


ſions are at the foot. 


the Equation of the Moon's mean Anomaly ; ſub- 


Precepts relative to the preceding Tables, 


V. With the number of days added togetieW 
enter Table IV. under the given Month; and again 
that number you have the day of mean Næe 


before the hours, minutes, and ſeconds, alread 
found. = e 

But (as it will ſometimes happen) if the fal 
number of days falls ſhort of any in the columt 
under the given month, add one Lunation and it 
Anomalies, &c, (from Table III.) to the foreſaid 


wherewith to enter Table IV. under the givet 
month, where you are ſure to find it the ſecond 
time, if the firſt falls mort. 

VI. With the ſigns and degrees of the Sum 


out the annual or firſt Equation for reducing the 
mean Syzygy to the true; taking care to make 
proportions in the Table for the odd minutes and 
ſeconds of Anomaly, as the table gives the Equa 
tion only to whole degrees. 

Obſerve, in this and every other caſe of finding 


foot of the Table, their degrees are at the right 


ing in the body of the Table, under or over thei 
ſigns, in a collateral line with the degrees.—Thd 
titles Add or Subtradf at the head or foot of the 
Tables where the ſigns are found, ſhew whether 
the Equation is to be added to the mean time ol 
New or Full Moon, or to be ſubtracted from it. 


head of the Table; but it is to be added, if the 


VII. With the ſigns and degrees of the Sun's 
mean Anomaly, enter Table VIII. and take out 


tract 


Precepis relative to the preceding Tables. 317 i 

Wit this Equation from her mean Anomaly, if the » 
ſgns of the Sun's Anomaly be at the head of the if | 
Table, but add it if they are at the foot; the re- 9 
ſolt will be the Moon's equated Anomaly, with I 
which enter Table IX, and take out the ſecond — 
Equation for reducing the mean to the true time * 
of New or Full Moon; adding this Equation, if ff 
the ſigns of the Moon's Anomaly are at the head ih 
of the Table, but ſubtracting it if they are at the '# 


foot, and the reſult will give you the mean time of 
the required New or Full Moon twice equated, iv 
which will be ſufficiently near for common alma- 1 
nacks. But when you want to calculate an Eclipſe, ; {1 
the following Equations muſt be uſed : thus, : 1 
VIII. Subtract the Moon's equated Anomaly va 
from the Sun's mean Anomaly, and with the re- \ 
mainder in figns and degrees, enter Table X, and | 
take out the third Equation, applying it to the 
former equated time, as the titles, Add or Subtract, 
do direct. . N 
IX. With the Sun's mean diſtance from the aſ- _ — 
cending Node enter Table XI, and take out the | 
Equation anſwering to that argument, adding it to, \ 
or ſubtracting it from the former equated time, as x b | 
the titles direct, and the reſult will give the time 1 
of New or Full Moon, agreeing with well regu- 
lated clocks or watches, very near the truth. But, 
to make it agree with the ſolar, or apparent time, 
apply the Equation of natural days, for in the 
Tables (from page 161 to page 173) as it is Leap- 
year, or the firſt, ſecond, or third after. 
The method of calculating the time of any New 
or Full Moon without the limits of the 18th cen- 
tury, will be ſhewn further on. And a few Ex- | 9 
amples compared with the Precepts, will make the uf 
whole work plain. . 8 1 
M. B. The Tables begin the day at noon, and 1 
f 


reckon forwards from thence to the noon following. 
— Thus, March the z iſt, at 22 h. 30 min. 25 ſec. of =_— 
tabular time, is April iſt (in common reckoning) at 1 
30 min, 25 ſec. after io o'clock in the morning. 

8 „ EX AM. 
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relative to the preceding Tables. 


:mics of the 18th century, we had beſt keep to Ri 
Jae Old Stile, and at the end of the calculation 6 
WT :cduce the time to the New. Thus, in the 22d 9 


century, there will be 14 days difference between | 
the Stiles; and therefore, the true time of New 9 
Moon in this laſt Example being reduced to the i 
New Stile, will be the 22d of July, at 22 minutes 9 
zz ſeconds paſt VI in the evening. „„ 1 


I calculate the true place of the Sun for any given 
moment of time. | 


Przceer I. In Table XII. find the next leſſer 
year in number to that in which the Sun's place 
is ſought, and write out his mean Longitude and 
Anomaly anſwering thereto: to which add his Eo 
mean Motion and Anomaly for the compleat re- j 
due of years, months, days, hours, minutes and 
ſeconds down to the given time, and this will be 79 
the Sun's mean Place and Anomaly at that time, ſr 
in the Old Stile, provided the ſaid time be in any | . of 


year after the Chriſtian ara. See the firſt following | | [ 
Example, | Ing | pg 
II. Enter Table XIII. with the Sun's mean ano- Wl. 
maly, and making proportions for the odd minutes | 10 
and ſeconds thereof, take out the Equation of the 1 


Sun's center: which, being applied to his mean 1 
Place as the title Add or Subtract directs, will give 0 
his true Place or Longitude from the Vernal Equi- 
nox, at the time for which it was required. CE 
III. To calculate the Sun's place for any time 
in a given year before the Chriſtian æra, take out 
his mean longitude and Anomaly for the firſt, year 
thereof, and from theſe numbers, ſubtract the mean 
Motions and Anomalies for the compleat hundreds 
or thouſands next above the given year; and, to 
the remainders, add thoſe for the reſidue of years, 
months, &c. and then work in all reſpects as above. 
de the ſecond Example following. | 
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then juſt entering the ſign + Libra, and tonſs. 


at London, we add 2 hours 25 minutes 41 ſe. 


year, the true time of Full Moon ar Babylon was 
October 23d, at 42 minutes 46 ſeconds after VI 


was on the day next after the day of Full Moon, | 
The Dominical letter for that year was 6, 


_ Equation at the Autumnal Equinox amounted to 1 day 22 
hours 24 minutes, by which quantity, the true time fell later 


Concerning Eclipſes of the Sun and Moon. 
So that in the meridian of London, the Sun wal 
quently was upon the point of the Autunual 


Equinox. GD ; 
If ro the above time of the Autumnal Equinoxl 


conds for the longitude of Babylon, we ſhall have 
for the time of the ſame Equinox, art that place, 
October 23d, at 19 hqurs 22 minutes 41 ſeconds, 
which in the common way of reckoning, is Od. 
ber 24th, at 22 minutes 41 ſeconds paſt VII. in the 


Bang”. ps ES. 
And it appears by Example VI. that in the ſame 


in the morning; ſo that the Autumnal Equinox 


and conſequentl 


y the 24th of Oclober was on 3 
Weaneſuay. | 5 


* The reaſon why this calculation makes the Autumndl 
Equinox, in the year of the Julian Period 706, to be two 
days ſooner than the time of the ſame Equinox mentioned in 
page 153 is, that in zhat page, only the mean time is taken 
into the account, as if there was no Equation of the Sun's 
motion, | 3 

The Equation at the Autumnal Equinox then, did not ex- 
ceed an hour and a quarter, when reduced to time.— But, in 
the year of Chriſt 1756, (which was 5763 years after) the 


than the mean, —So-that, if we conſider the true time of this 
laſt- mentioned Equinox, only as neus time, the mean Motion 
of the Sun carried thence back to the Autumnal Equinox in 
the year of the Julian Period 706 will fix it to the 25th of 


Q2eber in that year. 


Concerning Eclipſes of the Sun and Moon: 


10 find the Sun's diſtance from the Moon's aſcending 
Node, at the time of any given New or Full Moon ; 
and conſequently, to know whether there is an Eclipſe 
at that time, or not. | 


The Sun's diſtance from the Moon's aſcending 
fourth Equation in the Syzygies, and therefore it 


the times thereof.—Thus, at the time of mean 
New Moon in April 1764, the Sun's mean Diſtance 
from the aſcending Node, is o. 5 35' 2', See Ex- 
ample I. p. 318. 25 . 
The deſcending Node is oppoſite to the aſcend- 
ing one, and they are juſt ſix Signs diſtant from 
each other. 3 
When the Sun is within 17 degrees of either of 
the Nodes at the time of New Moon, he will be 
eclipſed at that time: and when he is within 12 
degrees of either of the Nodes at the time of Full 
Moon, the Moon will be then eclipſed.— Thus we 


time of New Moon in April 1764. | 

But the true time of that New Moon comes out 
by the Equations to be go minutes 46 ſeconds 
later than the mean Time thereof, by comparing 
theſe times in the above Example : and therefore, 
we muſt add the Sun's motion from the Node 


tor ;0 minutes 46 ſeconds, to be 2 12“. And to 


by the Sun's anomaly, which, at the mean time 
of New Moon in Example I. is 9* 1 2601197; 


from the Node, at the true time of New Moon, 
as follows: Ltda 


Node is the argument for finding the Moon's. 


is taken into all the foregoing Examples in finding 


find, that there will be an Eclipſe of the Sun at the 


during that interyal, to the above mean Diſtance 
95 35” 2”, which motion is found in Table XII. 


this we muſt apply the Equation of the Sun's 
mean Diſtance from the Node, in Table XV. found 


and then we ſhall haye the Sun's true Diſtance 


At 
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Gy: f:om Node 2. 
At the mean time ve New Moon! in 5 diam 

April 1764 — — — — 9 5 35 Ent 
Sun's motion from the? 30 minutes 4 the! 

Node for — — 125 leconds 1 * 

— eg 

Sun s mean Diſtance from Node at tal 
true New Moon '— — 35 37 . 
Equation of mean Diſtance from 4 
Node, add — — — — 2 5 ice 

| 3 frot 

Sun's true Diſtance from the ' *F Hans aim 
cending Node — — — O 7 42 14h 

Which being far within the above limit of 1 Sul 
degrees, ſhews that the Sun mult then be eclipſed,M 1 

And now we {hall ſhew how to project this T Ke 
any other eclipſe, either of the Sun or Moon, Tl 

To projet an Eclipſe of the Sun. 8 
In order to this, we muſt find the ten following Re 
Elements, by means of the Tables. 

1. The true Time of conjunction of the Sun and O. 
Moon; and at that time, 2. The ſemidiameter of ; 
the Earth's diſc, as ſeen from the Moon, which is X 

equal to the Moon's horizontal parallax, 3. The p 
Sun's diſtance from the ſolſtitial Colure to which th 
he is then neareſt. 4. The Sun's declination. 5, in 
The angle of the Moon's viſible path with the 45 

Ecliptic. 6. The Moon's latitude. 7. The Moon's 
. truce horary motion from the Sun, 8. The Suns be 
ſemidiameter. 9. The Moon's. 10. The ſemi⸗ fa 
diameter of the Penumbra. N 
WMWMe ſhall now proceed to find theſe Elements 
for the Sun's Ecliple in April 1764. a 
To ind the true time of New Moon. This, by N 
Example I. p. 318, is found to be on the fill ! 
day of the ſaid month, at 30 minutes 25 ſeconds 
1 0 


after X in a the morning. 


2. 70 t; 


Elements for Solar Eclipſes. 


2. To find the Moon's horizontal parallax, or ſemi- 
Jiameter of the Earth's diſc, as ſeen from the Moon. 
Enter Table X VII. with the ſigns and degrees of 
the Moon's Anomaly (making proportions, becauſe 
the Anomaly 1s in the Table only to every 6th 
degree) and thereby take out the Moon's horizon- 


ul parallax z which, for the above time, anſwering 


to the Anomaly 11*92 24” 21”, is 54' 53”. 


3. To find the Sun's diſtance from the neareſt Sol- 


ſlice, viz. the beginning of Cancer, which is 3* or g0® 
from the beginning of Aries, It appears by the Ex- 
ample on page 326 (where the Sun's place is cal- 


culated to the above time of New Moon) that the 


Sun's longitude from the beginning of Aries is then 
0 1210 12” that is, the Sun's place at that time 
is p Aries, 120 00 12“. 

„ 3 
Therefore from — — — — 3 0 0 0 
Subtract the Sun's longitude or place o 12 10 12 


— _— 


Remains the Sun's diſtance "_ 5 3 
the Solſtice s — — —\{=2 17 49 48 
Or 7% 49 48”; each ſign containing 30 degrees. 


4. To find the Sun's declination. Enter Table 


XIV. with the Signs and degrees of the Sun's true 


place, viz. o' 129, and making proportions for 


the 10 12”, take out the Sun's declination anſwer- 
ing to his true place, and it will be found to be 
#49 north.” 8 


5. To find the Moon's latitude. This depends on 


her diſtance from her aſcending Node, which is the 
ſame as the Sun's diſtance from it at the time of 
New Moon ; and is thereby found in Table X VI. 

Butwe have already found, that the Sun's equated 
diſtance from the aſcending Node, at the time of 
New Moon in April 1764, is o 7 42“ 14”. See 
the preceding page. 379170 


Therefore, enter Table XVI. with o ſigns at the 


top, and 7 and 8 degrees at the left hand, and 
take out 36 and 397, the latitude for 7 and 
FLY 


7 1 
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41 51”, the latitude for 8: and by making pro 
portions between theſe latitudes for the 420 * 
by which the Moon's diſtance from the Node 6M 
ceeds 7 degrees; her true latitude will be found 
to be 400 18” north aſcending, 

6. To find the Mons true horary motion from 114 
Sun. With the Moon's Anomaly, viz, 11 g 24 
21”, enter Table XVII. and take out the Moon's 
horary motion; which, by making proportions iq 
that Table, will be found to be 30 22”, Thenf 
with the Sun's Anomaly, 9* 1 26' 19”, take out 
his horary motion 2' 28” from the ſame Table 
and ſubtracting the latter from the former, there 
will remain 27 54” for the Moon's true hora 
motion from the Sun. „ 

7. To find the angle of the Moon's viſible paid 
with the Ecliptic. This, in the projection of Eclip4 

ſes, may be always rated at 5 357, without anyf 
Ran e BI 5 

8, 9. To find the ſemidiameters of the Sun andf 
Moon. Theſe are found in the ſame Table, and} 
by the ſame Arguments, as their horary Motions| 
In the preſent caſe, the Sun's Anomaly gives his 
ſemidiameter 16' 6”, and the Moon's Anomaly 
gives her ſemidiameter 14” 57% 1 

10. To ind the ſemidiameter of the Penumbra. Addy 
the Moon's ſemidiameter to the Sun's, and their 


ſum will be the ſemidiameter of the Penumbra 


/ 


via, 3 3 | e 
Now collect theſe Elements, that they may be 
found the more readily when they are wanted 11 
the conſtruction of this Eclipſe. | 
1. True time of New Moon in? „ 5 52 


3 


— — 


2. Semidiameter of the Earth's diſc © 54 5 
3. Sun's diſtance from theneareſt Solſt. 77 49 45 
4. Sun's declination, north 41 49 JA 
5. Moon's latitude; north aſcending o 40 10 
* | 6. Moons 


The Delineation of Solar Eclipſes. 
6 Moon's horary motion from the Sun o 27 54 


Angle of the Moon's viſible? 
ich with the Ecliptic — © 5 35 0 
g. Sun's ſemidiameter 5 
Moon's ſemidiameter | 14 57 
o. Semidiameter of the Penumbra 31 3 


To project an Eclipſe of the Sun geometrically. 


* 


nd divide it into as many equal parts as the Earth's 
ſemi diſc contains minutes of a degree; which, at 
the time of the Eclipſe in April 1764, is 54 53”. 
Then, with the whole length of the ſcale as a 
radius, deſcribe the ſemicircle AMB upon the cen- 
ter C; which ſemicircle ſhall repreſent the northern 
half of the Earth's enlightened diſc, as ſeen from 
the Sun. 1 e 
Upon the center C raiſe the ſtraight line CH, 
perpendicular to the diameter ACB ; ſo ACB ſhall 
be a part of the Ecliptic, and CH it's Axis, 
Being provided with a good ſector, open it to 


from thence the chord of 234 degrees in your 
compaſſes, ſet it off both ways from , to g and to 


ſtraight line g b, in which the North Pole of the 
Diſc will be always found. 5 

When the Sun is in Aries, Taurus, Gemini, 
Cancer, Leo, and Virgo, the North Pole of the 


dun is in the other ſix Signs, the South Pole is en- 
igbtened, and the North Pole is in the dark. 
And when the Sun is in Capricorn, Aquarius, 
Piſces, Aries, Taurus, and Gemini, the northern 
half of the Earth's Axis C XII P lies to the right 
band of the Axis of the Ecliptic, as ſeen from the 
Sun; and to the left hand, whilſt the Sun is in the 
ther (ix Signs. $5598 a 
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Make a ſcale of any convenient length, as 4 C, pL ATR 


XII. 
Fig. 1. 


the radius C A in the line of Chords; and taking 


b, in the periphery of the ſemi-diſc ; and draw the 


Farth is enlightened by the Sun: but whilft the 


9 * Open 
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gueſs, in your compaſſes, from the line of lines, 


hand of the Axis of the Ecliptic in this caſe, the 


on the Earth's enlightened diſc as ſeen from the 
method. 0 


and the remainder 38% will be the co-latitude, | 


off the chord of the Sun's declination 4? 49 to 


co-· latitude of London 38 from the fines in your 
compaſſes, and ſet it both ways from K, to VI and 


The Delineation of Solar Eclipſes, 


Open the ſector till the radius (or diſtance of crit 
two go's) of the ſigns be equal to the length or into 
Ib, and take the ſine of the Sun's diſtance from dvi 
the Solſtice (77% 49 48“) as neatly as you can 


and ſet off that diſtance from to P in the line 
gb, becauſe the Earth's axis lies to the right 


Sun being in Aries; and draw the ſtraight line 
C XII for the Earth's axis, of which P is the 
North Pole. If the Earth's axis had lain to the 
left hand from the axis of the Ecliptic, the diſtance 
LY P would have been {et off from towards g. 
To draw the Parallel of Latitude of any given 
Place, as ſuppoſe London, or the path of that place 


Sun, from Sun riſe till Sun-ſet, take the following 
Subtract the Latitude of London, 519 from 905, 


which take in your compaſſes from the line of 
chords, making CA or C the radius, and ſet it Y 
from h (where the Earth's Axis meets the Peri. 
phery of the Diſc) to VI and VI, and draw the} 
occult or dotted line VI K VI. Then, from the 
points where this line meets the Earth's Diſc, ſet 


D and F, and to E and G, and connect theſe points 
by the two occult lines FXII G and DLE. 

Biſect LK XII in K, and through the point k 
draw the black line VI K VI. Then making C B 
the radius of a line of fines on the ſector, take the 


VI.—Theſe hours will be juſt in the edge of the 
Diſc at the Equinoxes, but at no other time 1n the | 
whole year. . 5 5 
With the extent K VI taken into your com- 
paſſes, ſet one foot in K (in the black line below 
the occult one) as a center, and with the other foot 
1 0 e Aeſeride 


The Delineation of Solar Eclipſes, 


4{cribe the ſemicircle VI 7 8 9 10, &c. and divide 
into 12 equal parts. Then, from theſe points of 
Aviſlon, draw the occult lines 7 p, 8 o, 9 u, &c, 
parallel to the Earth's axis C XII P. 


the quadrantal Arc XII, and divide it into ſix 
equal parts, as XII a, à b, b c, cd, de, and e; 
ind through the diviſion points 2, &, c, d, e draw 
the occult lines VII e V, VIII 4 IV, IX III, X 5 
Il, and XI a I, all parallel to VI K VI, and meet- 


ins the former occult l'nes 7 p. 8 o, &c. in the 


points VII VIII IX XXI, V IV III II and I: 


London on the Earth's Diſc, at theſe hours reſpec- 
tively, as ſeen from the Sun; and the elliptic 
Curve VI VII VIII, &c, being drawn through 
theſe points, ſhall repreſent the parallel of lati- 
tude, or path of London on the Diſc, as ſeen from 
the Sun, from it's riſing to it's ſetting, : 73 

N. B. If the Sun's declination had been ſouth, 
the diurnal path of London would have been on the 
upper ſide of the line VI K VI, and would have 


divide the horary ſpaces into quarters (as ſome are 


Make C B the radius of a line of chords. on the 


tic, ſer it off from ¶ to M on the left hand of CH, 
the Axis of the Ecliptic, becauſe the Moon's lati- 


tude is north aſcending. Then draw C M for the 


Axis of the Moon's orbit, and biſect the angle 


MC H by the right-line C z—If the Moon's lati- 


tude had been north deſcending, the Axis of her 


Orbit would have been on the right hand from the 
Axis of the Ecliptic.— N. B. The Axis of the 
Moon's orbit lies the ſame way when her latitude 


b ſouth aſcending, as when it is north aſcending; 


and the ſame way when ſouth deſcending, as when 


north deſcending. 


With the ſmall extent K XII as a radius, deſcribe. 


which points ſhall mark the ſeveral ſituations of 


touched the line DL Ein L—It is requilite to 
in the figure) and, if poſſible, into minutes alſo. 


{&or, and taking therefrom the chord of 3 35”, 
the angle of the Moon's viſible path with the Eclip- 


Take 
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The Delineation of Solar Eclipſes: 

Take the Moon's latitude 40' 18” from the (cl 
CA in your compaſſes, and ſer it from i to x in the 
biſecting line Cz, making 7 x parallel to Cy: and 
through x, at right-angles to the Axis of the 


Moon's orbit C M, draw the ſtraight line Nu xy 4 f 
for the path of the Penumbra's center over H 5 
Earth's Diſc.— The point ww, in the Axis of the ſt 
Moon's orbit, is that where the Penumbra's center nec 
approaches neareſt to the center of the Earth Land 
Diſc, and conſequently is the middle of the general Moo 
Eclipſe : the point » is that where the conjunction i fm 
of the Sun and Moon falls, according to equal bath 
time by the Tables; and the point ꝙ is the eclip- in 
tical conjunction of the Sun and Moon. cl 
Take the Moon's true horary motion from the WM; t 
Sun, 27 54”, in your compaſſes, from the ſcale nd 
CA (every diviſion of which is a minute of a de- WM 
gree) and with that extent make marks along the Wl te 
path of the Penumbra's center; and divide each WM ne; 
ſpace from mark to mark, into ſixty equal parts or WW ind 
horary minutes, by dots; and ſet the hours to 1 
every 6oth minute in fuck a manner, that the dor WW «1 
_ ſignifying the inſtant of New Moon by the Ta- ett 
bles, may fall into the point x, half way between WM tral 
the Axis of the Moon's orbit, and the Axis of the Rel 
Ecliptic ; and then, the reſt of the dots will ſhew Lo 
the points of the Earth's Diſc, where the Penum- WW va 
bra's center is at the inſtants denoted by them, in WW int 
it's Tranſit over the Earth. | in 
Apply one fide of a ſquare to the line of the WW cir 
Penumbra's path, and move the ſquare backwards WW hat 
and forwards, until the other fide of it cuts the po 
fame hour and minute (as at m and m) both in the in 
path of London, and in the path of the Penumbra's | Bf 
center: and the particular minute or inſtant which 
the ſquare cuts at the ſame time in both paihs, mi 
| ſhall be the inſtant of the viſible conjunction of the WW i; 
Sun and Moon, or ercate!t ob{curation of the Sun, Will th 
at the place for which the conſtruction is made, if 


namely, London, in che preſent example; 9 
| inſtan 


The Delineation of Solar Eclipſes; 


ſtant is at 4754 minutes paſt X o'clock in the 
morning; which is 17 minutes 5 ſeconds later than 
the tabular time of true conjunction. | 

Take the Sun's lemidiameter, 16 6”, in your 
compaſſes, from the ſcale CA, and ſetting one foot 
in the path of London at m, namely, at 474 minutes 
paſt X, with the other foot deſcribe the circle UZ, 
which ſhall repreſent the Sun's Diſc as ſeen from 
Lindon at the greateſt obſcuration.— Then take the 
Moon's ſemidiameter, 14 57, in your compaſſes 
from the ſame ſcale; and ſetting one foot in the 
path of the Penumbra's center at m, in the 474 
minute after X ; with the other foot deſcribe the 


CÞ Lobo CD 


3 — — r e .CH — 


at the time when the Eclipſe is at the greateſt; 
and the portion of the Sur's Diſc which is hid or 
cut off by the Moon's, will ſhew the quantity of 
the Eclipſe at that time; which quantity may be 
meaſured on a line equal to the Sun's diameter, 
and divided into twelve equal parts for digits. 

7 3”, from the ſcale C A in your compaſſes; and 
ſetting one foot in the line of the Penumbra's cen- 
tral path, on the left hand from the Axis of the 
Ecliptie, direct the other foot toward the path of 


into the ſame inſtants in both the paths: and theſe 


zins at London. — Then, do the like on the right 
hand of the Axis of the Ecliptic; and where the 


in both the paths, they will ſhew at what time the 
Eelipſe ends at London. 

Theſe trials give 20 minutes after IX in the 
morning for the beginning of the Eclipſe at London, 
at the points MN and O; 47% minutes after X. at 
the points m and u, for the time of greateſt obſcu- 
200; and 18 minutes after XII, at & and 5, tor 

| Z the 


drcle 7 Yfor the Moon's Diſc, as ſeen from London, 


Laſtly, take the ſemidiameter of the Penumbra, 


London; and carry that extent backwards and for- 
wards, till both the points of the compaſits fall 


inſtants will denote the time when the Eclipſe be- 


points of the compaſſes fall into the fame inſtants 
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XII hours 14 minutes 12 ſeconds for the time 


apply this equation to the true equal time of New 


places on the Earch's Diſc anſwer to apparent or 


The Delineation of Solar Eclipſes. 


the time when the Eclipſe ends; according tf 
mean or equal time. | 

From theſe times we muſt ſubtract the equation 
of natural days, viz. 3 minutes 48 ſeconds, in Leap. 
year April 1, and we ſhall have the apparent times, 
namely, IX hours 16 minutes 12 ſeconds for the 
beginning of the Eclipſe, X hours 43 minutes 2 
ſeconds for the time of greateſt obſcuration, and 


when the Eclipſe ends.—But the beſt way is to 


Moon, before the projection be begun; as is done 
in Example I. For the motion or poſition of 


ſolar time. _ 1 
In this conſtruction it is ſuppoſed, that the angle 
under which the Moon's Diſc is ſeen, during thel 
whole time of the Eclipſe, continues invariably thel 
ſame ; and that the Moon's motion is uniform and 
rectilinear during that time. But theſe ſuppoſition 
do not exactly agree with the truth; and therefore 
ſuppoling the Elements given by the Tables to be 
accurate, yet the times and phaſes of the Eclipſe, 
deduced from it's conſtruction, will not anſwer to 
exactly what paſſeth in the Heavens; but may | 
be at leaſt two or three minutes wrong, though dea 
done with the greateſt care, Moreover, the path vue 
of all places of conſiderable latitudes are nearer the ple! 
center of the Earth's Diſc, as ſeen from the Sun, 50 { 
than thoſe conſtructions make them; becaule the 2. 
Diſc is projected as if the Earth were a perfect Tab 
ſphere, although it is known to be a ſpheroid i the 
Conſequently, the Moon's ſhadow will go fartheſ ber! 
northward in all places of northern latitude, and quid 
farther ſouthward in all places of ſouthern latitude i z 
than it is ſhewn to do in theſe projections.—AcI M7 
cording to Meyer's Tables, this Eclipſe will be an, 
about a quarter of an hour ſooner than eitheſ bo 
theſe Tables, or Mr. Flamſtead's, or Dr. Halley's * and 
ters 
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.: and will not be annular at London. But M. 
b e Caille's make it almoſt central. 


The projecti on of Lunar E clipſes. 


When the Moon is within 12 degrees of either 


er ber Nodes, at the time when ſhe 1s full, ſhe will 
be eclip ſed, otherwiſe not. Ny 1 

we find by Example II, page 319, that at the 
ire of mean Full Moon in May 1762, the Sun's 


diſtance from the aſcending Node was only 4 49 


35% and the Moon being then oppoſite to the 


Sun, muſt have been juſt as near her deſcending 


Node, and was therefore eclipſe. 

The elements for conſtructing an Eclipſe of the 
Moon, are eight in number, as follow: | 

1. The true time of Full Moon: and at that 
time, 2. The Moon's horizontal parallax. 3. The 
Sun's ſemidiameter. 4. The Moon's. 5. The 
ſemidiameter of the Earth's ſhadow at the Moon. 
6, The Moon's latitude. 7. The angle of the 
W Moon's viſible path with the Ecliptic. 8. The 
= Moon's true horary motion from the Sun.—— 
Therefore, 


1. To find the true time of Full Moon. Work as 


already taught in the Precepts.— Thus we have the 
true time of Full Moon in May 1762 (fee Exam- 
ple II. page 319) on the 8th day, at 30 minutes 
50 ſeconds paſt III o'clock in the morning. 1 

2, To find the Moon's horizontal Parallax. Enter 
Table XVII. with the Moon's mean Anomaly (at 
the above full) 9* 2% 42 42”, and thereby take out 
ber horizontal Parallax; which, by making the re- 
Quilite proportions; will be found to be 37 23”. 

3, 4. To find the ſemidiameters of the Sun and 


Mon, Enter Table XVII. with their reſpective 


Anomalies, the Sun's being 10˙ 27 45” (by the 


ove example) and the Moon's 9“ 2% 42' 42”; 


and thereby rake out their reſpective ſemidiame- 


«3: the Sun's 15' 56”, and the Moon's 15 38 


2 LY To 
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5. To find the ſemidiameter of the Eart}'s 2 
at the Moon. Add the Sun's horizontal parally, 


which is always 10”, to the Moon's, which in th 


preſent caſe is 37 23”, the ſum will be 3 22" 
from which ſubtract the Sun's ſemidiameter 15 50, 
and there will remain 41' 37” for the ſemidiameterll 


of that part of the Earth's ſhadow which the Moon 
then paſſes through. 


6. To find the Moon's latitude. Find the Su 


: true diſtance from the aſcending Node (as already 
taught in page 329) at the true time of Full Moon; 
and this diſtance increaſed by fix ſigns, will be the 


Moon's true diſtance from the ſame Node, and 
conſequently the argument for finding her true la- 
titude, as ſhewn in page 331. 5 

Thus, in Example II. the Sun's mean diſtance 
from the aſcending Node was 0* 49 49 35, at thel 
time of mean Full Moon: but it appears by the 
Example, that the true time thereof was 6 hours 331 
minutes 38 ſeconds ſooner than the mean time, and} 
therefore we muſt ſubtra& the Sun's motion from} 
the Node (found in Table XII. page 3 10) during 
this interval, from the above mean diſtance o 
49 35”, in order to have his mean diſtance from it 
at the true time of Full Moon. — Then to this apply 
the Equation of his mean diſtance from the Node, 


found in Table XV. by his mean Anomaly 10˙7 


27 45”; and laſtly add fix ſigns: fo ſhall the 
Moon's true diſtance from the aſcending Node be 
found as follows : 


WF 
- Fl 


Sun from Node at mean Full Moon © 4 49 354 


Cc. 6 nes 


His motion from rind 33 minutes 


38 ſeconds | 
= 17 31 


Sum, ſubtract from the uppermoſt line 


| Remains his mean diſtance at true 2 , 32 


„ ©: » | 
| e Equation 
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Equation of his mean diſtance, add 1 38 o 


os true Diſtance from the Node o 6 10 32 
ro which add ee 
1 And the ſum will be 6 6 10 32 


Iypich is the Moon's true diſtance from her aſcend- 
ing Node at the true time of her being Full; and 


Latitude at that time. — Therefore, with this argu- 
ment, enter Table XVI. making proportions be- 


degree of the argument at the left hand (the ſigns 
being at the top) for the 10” 32”, and it will give 


pears by the Table to be ſouth deſcending, 


out any error of conſequence in the projection of 

ab Ecliple. ---;-.- 
8. To find the Moon's true horary motion from the 

0, With their reſpective Anomalies take out 


their horary motions from Table XVII. in page 


314; and the Sun's horary motion ſubtracted from 
the Moon's, leaves remaining the Moon's true 
horary motion from the Sun: in the preſent caſe 
30 62”, =, | | 


Now collect theſe Elements together for uſe, 


D. H. M. 8. 


conſequently the Argument for finding her true 
teen the latitudes belonging to the 6th and yth 
12 21” for the Moon's true latitude, which ap- 


7. To find the angle of the Moon's viſible path with 
tle Ecliptic. This may be ſtated at 5 35, with- 


. True time of Full Moon in JT. 
n _ 
2. Moon's horizontal Parallax O 57 23 
4 Sun's ſemidiameter | O 15 56 
4 Moon's ſemidiameter O 15 38 
5 demidiameter of the Earth's ſhadow 9 1 th 
at the Moon 41 87 
2 3 6. Moon's 
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Fig. II. 


tion of the Moon's Eclipfe i in May, 1762, proceed 


ing for a minute of a degree. 


ſhadow together, which, in this Eclipſe, will makd 


center, with the other foot deſcribe the ſemicircle] 


E, and draw the right line CF E for the ſouthern] 
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. 1 

6. Moon's true latitude, South deſcending o 32 2 
7. Angle of her viſible path with the 5 3 

5 ( 


Ecliptic 
8. Her true horary motion from the Sun o 30 f 


Theſe Elements being found for the conftryc 


as follows : | 
Make a ſcale of any convenient length, as IW X 
and divide it into 60 equal parts, each part ſtand 


Draw the right line 40 B (Fig. 3.) for part of 
the Ecliptic, and C D perpendicular thereto for the 
ſouthern part of it's Axis; the Moon having ſouth 
latitude, 

Add the ſemidiameters of the Moon and Earth! 


57 15 and take this from the ſcale in your com: 
paſſes, and ſetting one foot in the point C as ; 


ADB; in one point of which the Moon's center 
will beat the beginning of the Fa and in ano- 
ther at the end 1 o 

Take the ſemidiameter of the Earth's ſhadow] 
4.1 37”, in your compaſſes from the ſcale, and ſet 
ting one foot in the center C, with the other foot 
deicribe the ſemicircle K L M for the ſouthern half 
of the Earth's ſhadow, becauſe the Moon's latitude 
is ſouth in this Eclipſe. | 

Make CD equal to the radius of a line of chord: 
on the ſector, and ſet off the angle of the Moon; 
viſible path with the Ecliptic, 5 35, from D to 


half of the Axis of the Moon's Orbit, lying to the 
right hand from the Axis of the Ecliptic C D, be- 
cauſe the Moon's latitude is ſouth e 
It would have been the ſame way (on the other 
fide, of the Ecliptic) if her 5 had been 


north deſcending ; but contrary. in both 5 it 
e £60] er 
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ter Latitude had been either north aſcending or 
bouth aſcending. | f 5 | 

Biſe&t the angle DCE by the right line Cg; in 
which line, the true equal time of oppoſition of the 
dun and Moon falls, as given by the Tables. 

Take the Moon's latitude, 32” 21”, from the 
ſcale with your compaſſes, and fer it from C to E, 
in the line CG g; and through the point G, at right 
angles to CH A, draw the right line PHG F for 
the path of the Moon's center.— Then, F ſhall be 
the point in the Earth's ſhadow, where the Moon's 
center is at the middle of the Eclipſe ; G, the point 
where her center is at rhe tabular time of her be- 
ing full; and H, the point where her center is at 
the inſtant of her ecliptical oppoſition. 


mark to mark, into 60 equal parts, or horary mi- 
nutes, and ſet the hours to the proper dots in ſuch 
a manner, that the dot ſignifying the inſtant of 
Full Moon (viz. 30 minutes 50 ſeconds after III 


in the morning) may be in the point C, where the 
line of the Mgon's path cuts the line that biſects 


the angle D CE. 


Take the Moon's ſemidiameter, 15 38”, in your 


compaſſes from the ſcale, and with that extent, as 
a radius, upon the points N, F, and P, as centers, 
detcribe the circle 2 for the Moon at the begin- 
ning of the Eclipſe, when ſhe touches the Earth's 
ſhadow at V; the circle R for the Moon at the 


middle of the Eclipſe; and the circle & for the 


Moon at the end of the Eclipſe, juſt leaving the 
Earth's ſhadow at /, DE 
The point N denotes the inſtant when the Eclipſe 


begins, namely, at 15 minutes 10 ſeconds after II 
in the morning: the point F the middle of the 
Eclipſe at 47 minutes 45 ſeconds paſt III; and 


the point P the end of the Eclipſe, at 18 minutes 


2 4 after 


Take the Moon's horary motion from the Sun, 
zo 52”, in your compaſſes from the ſcale; and 
with that extent make marks along the line of the 
Moon's path PG N: then divide each ſpace from 
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Moon was full at 26 minutes 28 ſeconds paſt VII | ink 


then within 4. degrees of the Autumnal Equinox: 


An antient Eclipſe of the Moon deſcribed 


after V. — At the greateſt obſcuration the Moon i; 
10 digits ec] pled. 


Concerning an antient Eclipſe of the Moon. 


It is recorded by Ptolemy, from Hipparchus, that 
on the 22d of September, the year 201 before the 
firſt year of Chriſt, the Moon rofe ſo much eclipſcd 
at Alexandria, that the Echipſe muſt have begun 
about halt an hour before ſhe roſe. 

Mr. Carey puts down this Eclipſe in kis Chro- 
nology as follows, among feveral other antient 
one, recorded by different authors. 


Jul. Per. Fel er. Calip. 2. An. 54. Hor. 7. Nabonaſar 
2813 P M. Alexanar, Dig. «cl. 10. 73 8 
Sept. 22. [ [Ptolem. l. 4. c. 11.] | Mer. 16, 


That is, in the 4 513th year of the Fulian period, 
which was the 547 th year from Nabonaſſar, and the | 
54th year of the ſecond Calippic period, on the 16th 
day of the month Meſori (which anſwers to the | 
22d of Sept: eager) the Moon was 10 digits eclipſed 
at Alexandria, at 7 o'clock in the evening. 
Now, as our Saviour was born (according to the » 
Dionſian, or vulgar Zca of his birth) in the 4713th _— 
year of the Julian period, it is plain that the 4513th | Moor 
year of that period was the 200th year before the _ 
year of Chriſt's birthz and conſequently 201 years ning 
before the year of Chriſt 1. 2h 
And, in the year 201, on the 22d of September, - 

it appears by Example V. (page 322) that the 6 
in the evening, in the meridian of Alexandria. 8 
At that time, the Sun's place was Virgo 269 * 
14% according to our Tables; ſo that the = was * 
1 
and according to calculation, he muſt have ſet at 
Aeranarie about 5 minutes after VI, and about 
ONE degree north of the weſt, 


The 


In antient Eclipſe of the Moon deſcribed. 


The Moon being full at that time, would have 
Fen juſt at Sunſet, about one degree ſouth of the 
alt, if ſhe had been in either of her Nodes, and 
er viſible place not deprefled by Parallax, 

But her parallactic depreſſion (as appears from 
er Anomaly, viz. 10 6® nearly) muſt have been 
5 17% which exceeded her whole diameter by 
„53“ but then, ſhe muſt have been elevated 
by retraction ; which ſubtracted from her 
alla, leaves 217 32 for her viſible or apparent 
gepreſſion. = 

And her true latitude was 30-4 north deſcend. 


jon, and greater than the ſame by 8 580, her true 
ime of rifing muſt have been juſt about VI 
lock. 1 0 1 
Now, as the Moon roſe about one degree ſouth 


her to have been leſs than 15 or 20 minutes of time 
bove the true Horizon before ſhe was viſible. 


the Eclipſe began at 53 minutes after Vin the 
erening; and conſequently 7 minutes before the 


add 20 minutes for the interval between her true 
ning and her being viſible, we ſhall have 27 mi- 
hutes for the time that the Eclipſe was begun 
before the Moon was viſibly riſen.— The middle 
of this Eclipſe was at 30 minutes paſt VII, when 
ts quantity was almoſt 10 digits, and it's ending 


vas at 6 minutes paſt IX in the evening So that 


our Tables come as near to the recorded time of 


ths Eclipſe as can be expected, after an elapſe of 


1960 years, 


CHAP. 


ne, which being contrary to her apparent depref- 
f the Eaſt at Alexandria, where the viſible Hori- 
pon is land, and not ſea, we can hardly imagine 


I: appears by Fig. 4, which is a delineation of 
this Eclipſe reduced to the time at Alexandria, that 


Moon was in the true Horizon: to which, if we 
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CHAP, XX, 
Of the fixed Stars. 


Why the 354» AE Stars are ſaid to be fixed, becaif 


decep 
fixed $ 
3 they have been generally obſerved u tem, 


ger when keep at the ſame diſtances from each other: thei 
de bete de, apparent diurnal revolutions being cauſed ſolely by 
than when the Earth's turning on it's Axis. They appear of 

| i a ſenſible magnitude to the bare eye, becauſe the 
+ _ retina. is affected not only by the rays of light 
which are emitted directly from them, but b 

many thouſands more, which falling upon aur eye! 

lids, and upon the acrial particles about us, are re 

flected into our eyes ſo ſtrongly, as to excite vil 

brations not only in thoſe points of the retina where 
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the real images of the Stars are formed, but abe { 

in other points at ſome diſtance round about. IT tain 

makes us imagine the Stars to be much bigget 2 

than they would appear, if we ſaw them only by the 

the few rays which come directly from them, the 

. as to enter our eyes without being intermixed vi wer 
6 others. Any one may be ſenſible of this, b ligt 
* looking at a Star of the firſt magnitude through Wi req 
T long narrow tube; which, though it takes in the 
J much of the Sky as would hold a thouſand ivcn_h Ou 
* Stars, it ſcarce renders that one viſible. Co 
1 The more a teleſcope magnifies, the Jeſs is ti ne: 
3 aperture through which the Star is ſeen; and cot kn 
b fequently the fewer rays it admits into the ee, ne: 
ij A proofthat Now ſince the Stars appear leſs in a teleſcope w of 
A per” magnifies 200 times than they do to the bare ee, bu 
«#alight, inſomuch that they ſeem to be only indiviſbleèꝶ is 

points, it proves at once that the Stars are at im-; di 

menſe diſtances from us, and that they ſhine 6 th 

their own proper light. If they ſhone by bol. pt 

rowed light, they would be as inviſible without wi 

teleſcopes as the Satellites of Jupiter are: for hee cl 


Satellites 
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eitellites appear bigger when viewed with a good 
teleſcope than the largeſt fixed Stars do. 

5. The number of Stars diſcoverable, in ei- 
ther Hemiſphere, by the naked eye, is not above 
i thouſand. This at firſt may appear incredible, 


the Sky, and count the number of Stars in it, and 


one conſiders how ſeldom the Moon meets with 
any Stars in her way, although there are as many 


thinner ſown than he was aware of, The Britiſh 
catalogue, which, beſides the Stars viſible to the 
bare eye, includes a great number which cannot 
be ſeen without the aſſiſtance of a teleſcope, con- 
tains no more than 3000, in both Hemiſpheres. 


2356. As we have incomparably more light from The avcur. 


dity of ſup- 
poſing the 
Stars were 
made only 
to ſhine up- 
on us in the 


the Moon than from all the Stars together, it is 
the greateſt abſurdity to imagine that the Stars 
were made for no other purpoſe than to caſt a faint 
light upon the Earth: eſpecially ſince many more 


you will be ſurpriſed to find them fo few. And, if 


about her Path as in other parts of the Heavens, 
he will ſoon be convinced that the Stars are much 
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becauſe they ſeem to be without number: But the Their num- 

deception ariſes from our looking confuſedly upon 8 _ 
i . . $ 

them, without reducing them into any order. For generally 


bok but ſtedfaſtly upon a pretty large portion of i=28ized. 


require the aſſiſtance of a good teleſcope to find nisht. 


them out, than are viſible without that inſtrument. 
Our Sun is ſurrounded by a ſyſtem of Planets and 
Comets; all which would be inviſible from the 


neareſt fixed Star. And from what we already 


know of the immenſe diſtance of the Stars, the 


neareſt may be computed at 32,000,000,000,000 


of miles from us, which is further than a cannon- 
bullet would fly in 7,000,000 of years. Hence it 
is ealy to prove, that the Sun, ſeen from ſuch a 
diſtance, would appear no bigger than a Star of 
the firſt magnitude. From all this it is highly 
probable that each Star is a Sun to a ſyſtem of 
worlds moving round it, though unſeen by us; 
(ſpecially, as the doctrine of plurality of worlds is 

ö * rational, 
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rational, and greatly manifeſts the Power, Wiſdon 
and Goodneſs of the Great Creator. 
Tuer t. 367. The Stars, on account of their apparent) 
ferent mage x. | e Pt 3 8 3 a 
nit des:: various magnitudes, have been diſtributed ing 
| ſeveral claſſes or orders. Thoſe which appear 
largeſt, are called Stars of the firſt magnitude, the 
next to them in luſtre, Stars of the ſecond magnitude; 
and ſo on to the th, which are the ſmalleſt thy 
are viſible to the bare eye. This diſtribution hays 
ing been made long before the invention of tele- 
ſcopes, the Stars which cannot be ſeen without the 
aſſiitance of theſe inftruments, are diſtinguiſhed by 
the name of Teleſcopic Stars. 
An8divifon 358. The antients divided the ſtarry Sphere into 
won particular Conſtellations, or Syſtems of Stars, ac- 
- cording as they lay near one another, ſo as to oc- 
cupy thoſe ſpaces which the figures of different 
ſorts of animals or things would take up, if they 
were there delineated. And thoſe Stars which 
could not be brought into any particular Conſtel. 
lation, were called unformed Stars, 
Team or 359. This diviſion of the Stars into different 
chis eien. Conſtellations or Aſteriſms, ſerves to diſtinguiſh 
them from one another, ſo that any particular Star 
may be readily found in the Heavens by means of 
a Celeſtial Globe; on which the Conſtellations are 
ſo delineated as to put the moſt remarkable Stars 
into ſuch parts of the figures as are moſt eaſily di- 
tinguiſhed. The number of the antient Conſtel- 
lations is 48, and upon our preſent Globes about 
570. On Senex's Globes, Bayer's Letters are inlert- 
ed; the firſt in the Greek Alphabet being put to 
the biggeſt Star in each Conſtellation, the ſecond 
to the next, and ſo on; by which means, every Star 
is as eaſily found as if a name were given to it. 
Thus, if the Star y in the Confellation of the Rom 
be mentioned, every Aflronomeri knows as well 
what Star is meant, as if it were pointed out to hum 
in the Heavens. by 
| 360. There 
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HO three parts. I. The Zodiac (S νο,,j. from 
%% Zodion an Animal, becauſe moſt of the Con- 
ſellations in it. which are twelve in number, are 
e figures of Animals: as Aries the Ram, Taurus 
he Bull, Cemini the Twins, Cancer the Crab, Leo 
he Lion, Virgo the Virgin, Libra the Balance, 
orpio the Scorpion, Sagittarius the Archer, Capri- 
arms the Goat, Aquarius the Water-bearer, and 


he Heavens: it is about 16 degrees broad, ſo 
that it rakes in the Orbits of all the Planets, and 


which the Earth deſcribes annually as ſeen from 
the Sun; and which the Sun appears to deſcribe 
as ſeen from the Earth. 2. All that Region of 
the Heavens, which is on the north ſide of the Zo- 
diac, contains 21 Conſtellations. And, 3. That 
on the ſouth ſide, 15. 


ices the Fiſhes. The Zodiac goes quite round 


likewiſe the Orbit of the Moon. Along the mid- 
de of this Zone or Belt is the Ecliptic, or Circle 
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\ 260, There is alſo a diviſion of the Heavens The Zodiac, 


361. The antients divided the Zodiac into the The man- 


ner of divide 


above 12 Conſtellations or Signs in the following igg it by the 


manner. They took a veſſel with a ſmall hole in antients. 


the bottom, and having filled it with water, ſuf- 
ered the ſame to diſtil drop by drop into another 
veſſel ſet beneath to receive it; beginning at the 
moment when ſome Star roſe, and continuing until 
It roſe the next following night. The water tallen 
down into the receiver they divided into twelve 
equal parts; and having two other {mall veſſels in 
readineſs, each of them fit to contain one part, they 
again poured all the water into the upper veſſcl, 


they at the ſame time ſuffered the water to drop 
Into one of the ſmall veſſels; and as ſoon as it was 
full, they ſhifted it, and ſet an empty one in it's 
place. When each veſſel was full, they took no- 
tice what Scar of the Zodiac roſe ; and though this 


and obſerving the riſing of ſome Star in the Zodiac, 


could not be done in one night, yet in many, they 
oblerved 
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obſerved the riſing of twelve Stars or points, by ji 


T 
they divided the Zodiac into twelve parts. * 
: 10 
| | | | ; | | er 
362. The names of the Conſtellations, and the numbe vu 
of Stars obſerved in each of them by different Aſtrono "hh 
mers, are as follows : f 
The ancient Conſtell Prot: 1 1 
e ancient Conſtellations. tolemy. Tycho. Hevel. cis Au 
Urſa minor The Little Bear 8 i 7 1 3 
Urſa major The Great Bear 235-0 58 q 
Draco The Dragon | 33. 4820: 6 
Cepheus Ceph-us 5 co 
Bootes, Arfophilax oo | 23: 18 52 Re 
Corona Borealis The Northern Crown 9 1 Gi 
Hercules, Engonafin Hercules kneeling 29 28 45 nz pi 
mc. wt. :. io 1 15 
Cygnus, Gallina The Sohn . p. 
Caſſiepea The Lady in her Chair 13 26 37 ;; A 
Perſeus Perſeus 29 29- --46-- A 
Auriga | The Waggoner . C 
Serpentarius, Opbiuchus Serpentarius 298 1 40 4 
Serpens | Ihe Serpent FC f 
Sagitta The Arrow 5 5 7 
Aquila, Vultur The Eagle 0 | | 12 23 . 
Antinous Antinous ) . 
8 l 
Delphinus | The Dolphin 19: 16 - 1, 
Equulus, Eęui ſeftio The Horſe's Head 4 1 ---© 
Pegaſus, Equus The Flying Horle VF F 
Andromeda | Andromeda | 23 23 47 
Triangulum The Tri engle 4 2 
Aries The Ram . Ly 
Jaurus The Bull 4 r 
Gemini The Twins *0 "ue Þ 0 
Cancer The Crab | 3 V, 
Leo The Lions „„ 80 
Coma Berenices Berenice's Hair c R „„ 1. 
Virgo _ 'The Virgin $3 03 6 
Libra, CHelæ The Scales | 17 20 28 M 
Scorpius The Scorpion 24 10 20 85 
Sagittarius The Archer | N 
Capricornus The Goat T 
Aquarius The Water-bearer „ 47 a 
Piſces The Fiſhes 38 36 39 He 
Cetus The Whale 223-21 45 h 
Orion 8 Orion 38 42 62 * 
Eridanus, Fluwins Eridanus, the River 24 1 27 Ing 
Lepus The Hare 1 i by 
Canis major The Great Dog $9. 35..:-48 an 
Canis minor The Little Dog 3 2 - 33 
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The ancient Conſtellations. Ptolemy, Tycho, Hevel. Flamſt. 

, The Ship 45 3 4 
* The Hydra 27 49-41 ©-80 
wer The Cup F 1 9 
prvus The Crow _ IF 4 9 
taurus The Centaur 8 35 
pus The Wolf ä 19 24 
1 The Altar 7 9 
dona Auſtralis . The Southern Crown 13 12 
cis Auſtralis The Southern Fiſn 18 24 


The New Southern Conſtellations. 


Columba Naochi Noah's Dove 10 
Robur Carolinum The Royal Oak = + 
Gruss The Crane | 13 
Phoenix The Phenix Ul 
Indus 7 5 The Indian | 2 1 
Pavo _ . The Peacock \: BA 
Apus, Avis Indica The Bird of Paradiſe 11 
Apis, Muſca The Bee or Fly 4 
Chameleon - --.-.. he Chameleon: 10 
Triangulum Auſtralis The South Triangle 7 
Piſcis volans, Pager The Flying Fiſh 8 
Dorado, Aiphias The Sword Fiſh * 
Toucan 1 The American Gooſe 9 
Hydrus The Water Snake 10 


Heveliuss Conſtellations made out of the unformed Stars. 


f 7h | l Flamiſteed. 


1 

Leo minor | The Little Lion : 3 
Aſteron and Chara The Greyhounds 23 25 
Cerberus Cerberus 5 
Vulpecula and Anſer The Fox and Gooſe . 
Scutum Sobieſki Sobicſk!'s Shield * 

Lacerta The Lizard © 16 
Camelopardalus The Camelopard „ 
Monoceros The Unicorn | ; 
Sextans The Sextant „„ 


363. There is a remarkable track round the The d 
Heavens, called the Milky Way from it's peculiar © 7 
whiteneſs, which was formerly thought to be ow- 
ng to a vaſt number of very ſmall Stars therein: 
but the teleſcope ſhews it to be quite otherwiſe ; 
ind therefore it's whiteneſs muſt be owing to 5 55 

| Other 


$ 


_ hw = : 


* 


& © : 
+ it x — 


N 4 
= . — x — — 


352 Of Lucid Spots in the Heavens. 


other cauſe, This track appears ſingle in fon 
Parts, in others double. 

Luc Spots. 364. There are ſeveral little whitiſh ſpots in i 
Heavens, which appear magnified, and more Juni 
nous when ſeen through teleſcopes ; yet withoy 
any Stars in them. One of theſe is in Andromely 

girdle, and was firſt obſerved A. D. 1612, by Sim 
Marius: it has ſome whitiſh rays near it's middl 
is liable to ſeveral changes, and is ſometimes ini 
ſible. Another is near the Ecliptic, between thy 
head and bow of Sagittarius : it 1s ſmall, but yer 
luminous. A third is on the back of the Centaur 
which is too far South to. be ſeen in Britain, | 
fourth, of a ſmaller ſize, is before Antincus's right 
foot; having a ſtar in it, which makes it appea 
more bright. A fifth is in the Conſtellation of 
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Hercules between the Stars & and u, which p wal 
though but ſmall, is viſible to the bare eye it u hie 
Sky be clear and the Moon abſent. 30 
Cloudy 365. Cloudy Stars are fo called from their miſty Aſtr 
— appearance. They look like dim Stars to the othe 
naked eye; but through a teleſcope they apperf det 
broad illuminated parts of the Sky; in ſome of obſe 
which is one Star, in others more. Five of thel:{i but 
are mentioned by Ptolemy, 1. One at the exten 
nity of the right hand of Perſeus. 2. One in the 05 
middle of the Crab. 3. One unformed, near the that 
Sting of the Scorpion. 4. The eye of Sagittarius 1 

5. One in the head of Orion. In the firſt of thele cou 
appear more Stars through the teleſcope than in the 
any of the reſt, although 21 have been counted in (aj 
the head of Orion, and above 40 in that of tit 
Crab. Two are viſible in the eye of Sagittarius * 
without a teleſcope, and ſeveral more with it, 0 
Flamſteed obſerved a' cloudy Star in the bow 0 Ny 
Sagittarius, containing many ſmall Stars : and the ws 
Star d above Sagittarius right ſhoulder is encom- i 
paſſed with ſeveral more. Both Caffini and Han. be 
feed diſcovered one between the Great and il ha 
Dog, which is very full of Stars viſible only by tbe F 


teleſcopes 
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eleſcope. The two whitiſh Spots near the South 
ole, called the Magellanic Clouds by Sailors, which 


appear through teleſcopes to be a mixture of imall 
Clouds and Stars. But the moſt remarkable of all 
the cloudy Stars is that in the middle of Orion's 
Szord, where ſeven Stars (of which three are very 
cloſe cogether) ſeem to ſhine through a cloud, very 


about the edges. It looks like a gap in the ſky, 
through which one may lee (as it were) part of a 


ſpaces are but a few minutes of a degree in breadth, 


jet, ſince they are among the fixed Stars, they muſt 


be ſpaces larger than what is occupied by our Solar 


Syſtemz and in which there ſeems to be a perpe- 


tval uninterrupted day among numberleſs Worlds, 
which no human art ever can diſcover. | 


Jucid near the middle, but faint and ill defined 


much brighter region. Although moſt of theſe 
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to the bare eye reſemble part of the Milky Way, 1 


366. Several Stars are mentioned by ancient Changes in 


Aſtronomers, which are not now to be found; and 
others are now viſible to the bare eye which are 


not recorded in the ancient catalogue. Hipparchus 


obſerved a new Star about 120 years before CHRIST CN; 
but he has not mentioned in what part of the Hea- 


vens it was ſeen, although it occaſioned his making 


20 atalog 


gue of the Stars; which is the moſt ancient 
that we have. | 


the Hea- 
vent. 


The firſt New Star that we have any good AC- Nes Star- 


count of, was diſcovered by Cornelius Gemma on 
the 8th of November A. D. 1372, in the Chair of 
Caſſepea. It ſurpaſſed Sirius in brightneſs and 
magnitude; and was ſeen for 16 months ſucceſ- 
lively, At firſt it appeared bigger than Jupiter to 
lome eyes, by which it was ſeen at mid-day: after- 
wards it decayed gradually both in magnitude and 


luſtre, until March 1 573, when it became inviſible. 


On the 13th of Auguſt 1590, David Fabricius 
obſerved the Stella Mira, or wonderful Star, in the 
Neck of the Whale; which has been ſince found to 
appear and diſappear periodically ſeven times in 
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_ Tycho's time; nor when Bayer made his Figures. 


Cannot be 
Comets, 


rally white. Ir ſurpaſſed Jupiter in magnitude, 
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ſix years, continuing in the greateſt luſtre for I 
days together; and is never quite extinguiſhed. 
In the year 1600, William Janſenius diſcovered 
changeable Star in the Neck of the Swan; which, 
in time, became ſo ſmall as to be thought to gif. 
appear entirely, till the years 1657, 1638, and 
1659, when it recovered it's former luſtre and 
magnitude ; but ſoon decayed, and 1s now of the 
ſmalleſt ſize, 3 
In the year 1604, Kepler and ſeveral of his friends 
ſaw a new Star near the heel of the right foot of 
Serpentarius, ſo bright and ſparkling, that it ex. 
ceeded any thing they had ever ſeen before; and 
took notice that it was every moment changing into 
ſome of the colours of the rainbow, except when it 
was near the Horizon, at which time it was gene. 


which was near it all the month of Ocfober, but 
eaſily diſtinguiſhed from Jupiter, by the ſteady 
light of that Planet. It diſappeared between Ofober 
1605 and the February following, and has not been 
ſeen fince that time. fi 
In the year 1670, July 15, Hevelius diſcovered a 
new Star, which in O#cber was fo decayed as to be 
ſcarce perceptible, In April following it regained 
it's luſtre, but wholly diſappeared in Auguſt. In 
March 1672 it was ſeen again, but very ſmall; 
and has not been viſible ſince, 
In the year 1686 a new Star was diſcovered by | 
Kirch, which returns periodically in 404 days. 
In the year 1672, Caſſini ſaw a Star in the Nect 
of the Bull, which he thought was not viſible in 


367. Many Stars, beſides thoſe above mentioned, 
have been obſerved to change their magnitudes z 
and as none of them could ever be perceived to 
have tails, it is plain they could not be Comets; 
eſpecially as they had no Parallax, even when largeſt 
and brighteſt, It would ſeem that the periodical 
Stars have vaſt cluſters of dark ſpots, and mY 
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dow rotations on their Axes; by which means, 


they muſt diſappear when the fide covered wich 


ſpots is turned towards us. And as for thoſe which 


break out all of a ſudden with ſuch luſtre, it is by 
n0 means improbable that they are Suns whole 
Fuel is almoſt ſpent, and again ſupplied by ſome 
of their Comets falling upon them, and occaſion- 


ing an uncommon blaze and ſplendor for ſome 


time : which indeed appears to be the greateſt uſe 
of the cometary part of any ſyſtem *, 2981 
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Some of the Stars, particularly ArZurus, have Some Stars | 


been obſerved to change their places above a mi- 


ther this be owing to any real motion in the Stars 
themſelves, muſt require the obſervations of many 


ges to determine. If our Solar Syſtem changeth 


it's place, with regard to abſolute ſpace, this muſt 


in proceſs of time occaſion an apparent change in 


the diſtances of the Stars from each other: and in 


ſuch a caſe, the places of the neareſt Stars to us 


being more affected than thoſe which are very re- 
mote, their relative poſitions muſt ſeem to alter, 
though the Stars themſelves were really immove- 
able. On the other hand, if our own Syſtem be at 
reſt, and any of the Stars in real motion, this muſt 
vary their poſitions; and the more ſo, the nearer 


M. Maupertuis, in his difſertation on the figures of the 
Celeſtial Bodies (p. 61—63) is of opinion that ſome Stars, Ly _ 


their prodigious quick rotations on their Axes, may not only 
allume the figures of oblate ſpheroids, but that by the great 
centrifugal force, ariſing from ſuch rotations, they may be- 


come of the figures of mill-ſtones; or be reduced to flat cir- 


cular planes, ſo thin as to be quite inviſible when their edges 


re turned towards us; as Saturn's Ring is in ſuch poſitions. 
but when any eccentric Planets or Comets go round any flat 


dar, in Orbits much inclined to it's Equator, the attraction 


of the Planets or Comets in their Perihelions muſt alter the in- 


Clination of the Axis of that Star; on which account it will 
appear more or leſs large and luminous, as it's broad fide is 
nore or leſs turned towards us. And thus he imagines we 
may account for the apparent changes of magnitude and luſtre 
thoſe Stars, and likewiſe for their appearing and diſappear» 
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AA they 


change theif 
: | Places, 
nute of a degree with reſpect to others. But whe- 
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they are to us, or ſwifter their motions are; or the 
more proper the direction of their motion 1s, for 
our perception. 
The Felip- 368. The obliquity of the Ecliptic to the ou, 
ic 1: ob. noctial is found at preſent to be above the third 


lique now to 
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moſt of the obſervers after him found it to decreaſe 
gradually down to Tycho's time. If it be objeted, 
that we cannot depend on the obſervations of the 
ancients, becauſe of the incorrectneſs of their In. 
ſtruments; we have to anſwer, that both Tycho and 
 Flamſiced are allowed to have been very good ob. 
ſervers; and yet we find that Flamſteed makes 
this obliquity 24 minutes of a degree leſs than 
Tycho did, about 100 years before him: and x 
Ptolemy was 1324 years before Tycho, ſo the gi. 
dual decreaſe anſwers nearly to the difference of 
time between theſe three Aſtronomers. If we 
conſider, that the Earth is not a perfect ſphere, but 
an oblate ſpheroid, having it's Axis ſhorter than 
it's equatorial diameter; and that the Sun and 
Moon are conſtantly acting obliquely upon the 
greater quantity of matter about the Equator, 
pulling it, as it were, towards a nearer and nearer 
co- incidence with the Ecliptic z it will not appear | 
improbable that theſe actions ſhould gradually di 
miniſh the Angle between thoſe Planes. Nor is it 
leſs probable that the mutual attraction of all the 
Planets ſhould have a tendency to bring their Or- 
bits to a co- incidence: but this change 1 is too {mall 
to become ſenſible in many ages. 
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CHAP. XXI. 


Of the Diviſion of Time. A perpetual Table of New 
Moons. The Times of the Birth and Death of 
CarIST. A Table of remarkable Aras or Events. 


369. HE parts of Time are Seconds, Minutes, 
Hours, Days, Years, Cycles, Ages, and 
Periods. 

370. The original ſtandard, or integral meaſure A Yer, 
of Time, 1s a Year; which 1s determined by the 
Revolution of ſome Celeſtial Body in it's Orbit, 
viz, the Sun or Moon. 

371. The Time meaſured hy the Sun? $ Revolu- Tropical 
tion in the Ecliptic, from any Equinox or Solſtice *** 
o the ſame again, is called the Solar or Tropical 
Var, which contains 36; days, 5 hours, 48 mi- 
nutes, 57 ſeconds; and is the only proper or na- 
tural year, becauſe it always keeps the ſame ſca- 
ſons to the ſame months. 

372. The quantity of time, meaſured by the "FI 
Sun's Revolution as from any fixed Star to the Yew: 
ſame Star again, is called the Sydereal Near; which 
contains 365 days, 6 hours, 9 minutes, 144 ſe- 
conds; and is 20 minutes, 17½ ſeconds longer 
than the true Solar Year. 


373. The time meaſured by twelve Revolodions Lunar Year, 


of the Moon, from the Sun to the Sun again, is 
called the Lunar Year; it contains 354 days, 8 
hours, 48 minutes, 36 ſeconds; and is therefore 
10 days, 21 hours, o minutes, 21 ſeconds, ſhorter | 
than the Solar Year. This is the foundation of 
the Epact. 

374. The Civil Tear is that Weh is in common Civil Year. 
uſe among the different nations of the world; of 
which, ſome reckon by the Lunar, but moſt by 
the Solar T he Civil Solar Year contains 365 days, 
for three years running, which are called Common 
Tears; and then comes in what is called the Biſſæx- 
A a 3 tile 
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tile or Leap-year, which contains 366 days, Th 
is alſo called the Julian Tear on account of Juli 
Cæſar, who appointed the Intercalary-day every 
fourth year, thinking thereby to make the Civj 
and Solar Year keep pace together. And thi; 
day, being added to the 23d of February, which in 
the Roman Calendar was the ſixth of the Calend, Ml 
of March, that ſixth day was twice reckoned, or 
the 23d and 24th were reckoned as one day; and 
was called Bis ſextus dies, and thence came the 
name Brſſextile for that year. But in our common 
Almanacks this day is added at the end of Febryary, 
Lunar Tear. 375. The Civil Lunar Year, is alſo common or 
intercalary. The common Year conſiſts of 12 
Lunations, which contain 354 days; at the endof 
which, the year begins again. The Intercalary, or 
 Embolimic Year, is that wherein a month was added, 
to adjuſt the Lunar Year to the Solar. This me. 
thod was uſed by the Jeus, who kept their account 
by the Lunar Motions. But by intercalating no 
more than a month of 30 days, which they called 
Ve- Adar, every third year, they fell 34 days ſhort 

of the Solar Year in that time. | 
RomanYear, 376. The Romans alſo uſed the Lunar Emboli. 
mic Year at firſt, as it was ſettled by Romulus their 
firſt King, who made it to coolift only of ten 
months or Lunations; which felt 61 days ſhort of 
the Solar Year, and fo their year became quite 
vague and unfixed; for which reafon they were 
forced to have a Table publiſhed by the High- 
Prieſt, to inform them when the ſpring and other 
ſeaſons began. But Julius Cæſar, as already men- 
tioned, I 374, taking this troubleſome affair into 
conſideration, reformed the Calendar, by making 

the year to conſiſt of 365 days, 6 hours. 
The origi- 377. The year thus ſettled, is what was uſed in 
en Be Britain till A. D. 1752: but as it is ſomewhat more 
or Now than 11 minutes longer than the Solar Tropical Near, 
i 5/4. the times of the Equinoxes go backward, and fall 
1 ee en ee 
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the Nicene Council (A. D. 325) which was 1439 
ears ago, the Vernal Equinox fell on the 2 1ſt of 
March : and if we divide 1444 by 130, it will 
uote 11, Which is the number of days the Fqui- 
ox has fallen back ſince the Council of Nice. 
This cauſing great diſturbances, by unfixing the 
mes of the celebration of Eaſter, and conſequently 


fall the other moveable Feaſts, Pope Gregory the 


XIII. in the year 1582, ordered ten days to be at 


Pace ſtruck out of that year; and the next day 
After the fourth of OFober was called the fifteenth, 


By this means the Vernal Equinox was reſtored to 


the 21ſt of March; and it was endeavoured, by 


the omiſſion of three intercalary days in 400 years, 
to make the Civil or Political year keep pace with 
the Solar for the time to come. his new form of the 
year is called the Gregorian Account, or New Stile; 
which is received in all Countries where the Pope's 
Authority is acknowledged, and ought to be in all 
places where truth 1s regarded. 58 
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378. The principal diviſion of the year is into ente. 


Months, which are of two ſorts, namely, Aſtronomi- 


cal and Civil, The Aſtronomical month is the time 


in which the Moon runs through the Zodiac, and 
is either Periodical or Synodical, The Periodical 


Month is the time ſpent by the Moon in making 


one complete Revolution from any point of the 
Zodiac to the ſame again; which is 27* 5* 43". 
TheSynodical Month, called a Lunation, is the time 
contained between the Moon's parting with the 
Sun at a Conjunction, and returning to him again; 
which is 294 12" 44". The Civil Months are thoſe 
which are framed for the uſes of civil life; and 
are different as to their names, number of days, 
and times of beginning, in ſeveral different Coun- 
tries, The firſt Month of the Jewiſhi Year fell ac- 
cording to the Moon in our Auguſt and September, 
Old Stile; the ſecond in September and October; 
and ſo on. The firſt month of the Egyptian Tear 
began on the 29th of our Auguſt. The firſt month 
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of the Arabic and Turkiſh Year began the 16t\ | 
July. The firſt month of the Grecian Year fell 4 
cording to the Moon in June and July, the ſec; 
in 7uly ard Auguſt, and ſo on, as in the folloy 
Table. 35 

379. A month is divided into four parts cal 
IVeeks, and a Week into ſeven parts called Dy 
ſo that in a Julian year there are 13 ſuch Month 
or 52 Weeks, and one Day over. The Cent 
gave the names of the Sun, Moon, and Planets, 


the Days of the Week. To the firſt, the Nameq a 
the Sun; to the ſecond, of the Moon; to the third pa 
of Mars; to the fourth, of Mercury; to the fifth E. 
of Jupiler; to the ſixth, of Venus; and to th M 
ſeventh, of Saturn. os + | ED 
Ne The Jewiſb year. Day 5 
IiI[Tiſi — — — — Aug.— Sept. 30 
2 |Marcheſlvan — — Sept.— Oct. 20 3 
3|Caſleau — — — Oct. —Nov. | 30 ; 
| 4 Tebeth — — — Nov.— Dec. 29 | 5 
5|Shebat — — — Dec. — Jan. 0 | |: 
6 [Adar — — — Jan. — Feb. 2, 2 
7 Niſan or Abib — — Feb. —Mar. | 0 | 3 
Wo Jiar — — — — Mar.— Apr. 29 4 
9 Sivan — — — April May 30 5 
 [1o[Tamuz — — — May—June | 29 b 
JrjAb — — — — June—July 30 7 
112 Elul — — — — 8 July — Aug. 29 8. 
Days in the year —  — — — 354 10 
| In the Embolimic year after Adar they added: 1 
: month called Ve- Adar of 30 days. - 
T 
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__ | 9 


The Egyptian year, Days 


i 


— Augun 29] 30 
— September 28030 
— October 28 30 

— November 27 30 
— December 27 30 


— — January 26 30 


Phamenoth 


— February 25| 30 
Parmuthi — 


— March 27 30 


Pachon — — April 26030 
Payni — — May 26 30 
Epip i — — June 25 30 
Meſori — — july 25 30 
Lpagomenæ or days added — — | 5 ; 


| Days in the year — — — — Be 


— 


The Arabic and 7 urkiſh year. 2 Days 


No 

iMuharrum — — July 160 30 

2/5aphar — — — Auguſt 13 29 

z]Rabial, — — — September 13| 30 

4|Rabia Il, — — — October 13 29 

5 Jomada I, — — — November 11| 30 

b Jomada Il, — — December 11| 29 0 
n|Rajab — — — January 9 30 1 
8/Shalban — — — February 8 29 | 1 
[Ramadam — — — March 9 30 i 
10/Shawal — — — April 8] 29 g 
i Dulhaadaen — — May 7 30 ; 
12 2 Dulheggia — — — * 5 29 | 
Days in the year — — — — 354 | 
The Arabians add 11 days at the end of every year, ö 
| which keep the ſame months to the lame ſeaſons. 


Ne 


Days, 


Hours. 


creaſe of Days terminated by the Horizon are ve 
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10|Munichion — 
11 Thargelion — 
12 |Schirrophorion 


Mar. — Apr. 20 
Apr. May ch n. 
May — June te © 


Ne The ancient Crecian year, oy 
en ee PO — ſe Hou 
1 Hecatombæon — — June—July | tur 
2 Metagitnion — — July —Aug. , the ob 
3 fe dromion — — Aug. — Sept. 1 10n ir 
4 jPyaneplion — — Sept.—O, | e by! 
5 |MaimaCterion — — Oct,—Nov, 3 ve Pa 
8 Polideon — — — Nov. — Dec. 2. / 
7|Gamehon — — — Dec. — Jan. ed M. 
8 Antheſterion — — Jan.— Feb. i nds, 4 
| 9 |Elaphebolion — — Feb. — Mar. . 


— 


ö 


Days in the year — — — — | | 


380. A Day is either Natural or Artificial, I 
Natural Day contains 24 hours; the Artificial,t 
time from Sun-riſe to Sun- ſet. The Natural Di 
is either Aftronomical or Civil. The Aſtronomic 
Day begins at Noon, becauſe the increaſe and d 


unequal among themſelves; which inequality 
likewiſe augmented by the inconſtancy of the hof 
zontal Refractions 5 183: and therefore the Aſt 
nomer takes the Meridian for the limit of diurni 


Revolutions; reckoning Noon, that is, the inſtal fn 
when the Sun's Center is on the Meridian, for Hoch. 
beginning of the Day. The Britiſh, French, Dutton 
Germans, Spaniards, Portugueſe, and Egyptians, be uin 
gin the Civil Day at Midnight: the ancient Gre: (41 
Fews, Bobemians, Silgfians, with the modern Talaue 
and Chineſe, begin it at Sun-ſetting : and the any, 
_ cient Babylonians, Perfians, Syrians, with the mode tc 
Greeks, at Sun-riſing. 3 ar 
381. An Hour is a certain determinate part an 
the Day, and is either equal or unequal. An equi thi 
Hour is the 24th part of à mean natural Day, . 


ſhewd 


< 
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zn by well regulated Clocks and Watches; but 

© Hours are not quite equal as meaſured by 

-eturns of the Sun to the Meridian, becauſe 

the obliquity of the Ecliptic and Sun's unequal 

on in it, $ 224—245. Unequal Hours are 

e by which the Artificial Day is divided into 

Ive Parts, and the Night into as many. = 

82, An Hour is divided into 60 equal parts Minutes, 
ed Minutes, a Minute into 60 equal parts called "org, i 
nls, and theſe again into 60 equal parts called scruptes, 
rds, The Jews, Chaldeans, and Aratians, divide 

Hour into 1080 equal parts called Scruples; 

ich number contains 18 times 60, ſo that one 

ute contains 18 Scruples. DS 

83. A Cycle is a perpetual round, or circula- Cycles of 
n of the ſame parts of time of any fort. The jen, 
| of the Sun is a revolution of 28 years, in which Intivtioa, | 
e the days of the months return again to the 

e days of the week; the Sun's Place to the 

de Signs and Degrees of the Ecliptic on the 

e months and days, ſo as not to differ one de- 

e in 100 years; and the Leap-years begin the 

e courſe over again with reſpect to the days of 

week on which the days of the months fall. 

e Cycle of the Moon, commonly called the Golden 

nber, is a revolution of 19 years; in which time, 
Conjunctions, Oppoſitions and other Aſpects 

the Moon, are within an hour and half of being 

ſame as they were on the ſame days of the 

dnths 19 years before. The Indiction is a revo- 

on of 15 years, uſed only by the Romans for in- 

ang the times of certain payments made by 

e ſubjects to the Republic: It was eſtabliſhed by 

Wantine, A. D. 312. Bs. 

384. The year of our Sa vioug's Birth, accord- Te fro ttc 
p tO the vulgar Era, was the gth year of the be, 
Jar Cycle; the firſt year of the Lunar Cycle; 
d the 3 12th year after his birth was the firſt year 

the Roman Indiftion. Therefore, to find the 

of the Solar Cycle, add 9 to any given year 

0 
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of Cna1sT, and divide the ſum by 28, the Quati 
is the number of Cycles elapſed ſince his hirs 
and the remainder is the Cycle for the given yea 
if nothing remains, the Cycle is 28. To find i 
Lunar Cycle, add 1 to the given year of Cui; 
and divide the ſum by 19; the Quotient is f 
number of Cycles elapſed in the interval, and u 
remainder is the Cycle for the given year: if of 
thing remains, the Cycle is 19. Laſtly, ſubtralf 
312 from the given year of CRRIST, and divi 
the remainder by 13; and what remains after th 
diviſion is the Indiction for the given year: if n( 
thing remains, the Indiction is 15. 
The defici- 385. Although the above deficiency in the Lt 
ache nar Cycle of an hour and half every 19 yea 


L ar Cy- „ . . | 
cle, and con- be but ſmall, yet in time it becomes ſo ſenſible 


tber, to make a whole Natural Day in 310 years. $ 
that, although this Cycle be of uſe, when the Golde 
Numbers are rightly placed againſt the days of t| 
months in the Calendar, as in our Common Pray 
Beołs, for finding the days of the mean Conjun 
tions or Oppoſitions of the Sun and Moon, 2 
conſequently the time of Eaſter; it will only fer 
for 310 years, Old Slile. For as the New and Fu 
Moons anticipate a day in that time, the Goldd 
Numbers ought to be placed one day earlier int 
Calendar for the next 310 years to come. The 
Numbers were rightly placed againſt the days 
New Moon in the Calendar, by the Council 
Nice, A. D. 325; but the anticipation, which hi 
been neglected ever ſince, is now grown almo 
into g days; and therefore all the Golden Nun 
bers ought now to be placed 5 days higher int 
Calendar for the Old Stile than they were at tl 
time of the ſaid Council; or ſix days lower for ti 
New Stile, becauſe at preſent it differs 11 daj 
trom the Old. I : 


How to nd 386. In the annexed Table, the Golden Nun 
the New bers under the months ſtand againſt the days* 
Moon bythe New Moon in the left-hand column, for the 4 
Oden k | f | il 


Number. 


Of the Diviſion of Time. 


"QA 


= 


annſ, 
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114 


3 
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Stile; adapted chiefly to the ſecond year the © 


Leap- year, as being the neareſt mean for al e fegt 


four; and will ferve till the year 1900. The Mlow1n 
fore, to find the day of New Moon in any mon loons! 
of a given year till that time, look for the God g Wi 


Number of that year under the deſired month, ai the 


againſt it, you have the day of New Moon in H This 
left-hand column. Thus, ſuppoſe it were requii 6 | 
to find the day of New Moon in September 13 Pen) 
the Golden Number for that year is 10, which 9 | 
lock for under September, and right againſt it in i er an- 
left-hand column I find 13, which is the day @ 2 hou 
New Moon in that month. N. B. If all the God d 24 
Numbers, except 17 and 6, were ſet one day lo je cha 
in the Table, it would ſerve from the beginnii een 
of the year 1900 till the End of the year 219% 
The firſt Table after this Chapter ſhews the Golde t 
Number for 4000 years after the birth of CHRIST lipſed 


by looking for the even hundreds of any given ye enge 


A perpetval 
Table of the ſometimes includes five Leap-years, and at othel 


dime of New 


Moon to the times only four, this Table will ſometimes var) 
neareſt hour, day from the truth in Leap · years after February 


for the O 
Stile. 


which there are 19 Leap- years without a remains 


moſt be adapted to the Old Stile; becaule in every! 
centutial year notdiviſible by 4, the regular courle 


at the left hand, and for the reſt to make up tha b yeat 
year at the head of the Table; and where the coli" fo! 
jumns meet, you have the Golden Number (hie ve o 
is the ſame both in Old and New Stile) for th eee 
given year. Thus, ſuppoſe the Golden Numbeſ dan 
was wanted for the year 1757; I look for 1700 4 IEan t 
the left hand of the Table, and for 57 at the io b 
of it; then guiding my eye downward from 57 vl” 
over againſt 1700, I find 10, which is the Golde be 
Number for that year. enn 


387. But becauſe the Lunar Cycle of 19 year . 


Mew | 
on fe 
be T. 
I lef 
urs 
bou 
Alo 


And it is impoſſible to have one more correct, un 
leſs we extend it to four times 19 or 76 years; 


der. But even then to have it of perpetual ule, it 


of Leap - years is interrupted in the Me; as * 


——— 
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the caſe in the year 1800. Therefore, upon 
e regular Old Stile plan, I have computed the 


lowing Table of the mean times of all the New 


oons to the neareſt hour for 76 years; begin- 


no with the year of CHRIST 1724, and ending 


ith the year 1800. 


This Table may be made perpetual, by deduct- 


o 6 hours from the time of New Moon in any 
wen year and month from 1724 to 1800, in or- 
o have the mean time of New Moon in an 

tar and month 76 years afterward; or deducting 
a hours for 152 years, 18 hours for 228 years; 
id 24 hours for 304 years; becauſe in that time 


changes of the Moon anticipate almoſt a com- 
Wc natural day. And if the like number of 


urs be added for ſo many years paſt, we ſhall 


we the mean time of any New Moon already 


ſed, Suppoſe, for example, the mean time of 
hange was required for January 1802; deduct 
ears, and there remains 1726, againſt which, in 
following Table, under January, I find the 


inc of New Moon was on the 21ſt day, at 11 in 
WW: cvening : from which take 6 hours, and there 


mains the 21ſt day, at 5 in the evening, for the 
ean time of Change in January 1802. Or, if the 
me be required for May, A. D. 17501, add 76 
ea, and it makes 1777, which I look for in the 
be, and againſt it under May I find the New 


oon in that year falls on the 25th day, at 9 in 


evening; to which add 6 hours, and it gives 
_ 26th day, at 3 in the Morning, for the time of 
Moon in May, A. D. 1701. By this addi- 
for time paſt, or ſubtraction for time to come, 


It Table will not vary 24 hours from the truth 
bl leſs than 14592 years. And if, inſtead of 6 


urs for every 76 years, we add or ſubtract only 
tours 52 minutes, it will not vary a day in 19 
Fllions of years. bas er e 


Although 
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1723, and divide the overplus by 76, the quoti 
will ſhew how many entire Cycles of 56 years 


Of the Diviſion of Time. 


Although this Table is calculated for 765 
only, and according to the Old Stile, yet by me 
of two eaſy Equations it may be made to an 
as exactly to the New Stile, for any time to co 
Thus, becauſe the year 1724 in this Table i; 
firſt year of the Cycle for which it is made: 
from any year of Ca IST after 1800 you ſubt 


rope 
add1t1 
take 

multi 
that C 
till w. 
the p 
Exan 


elapſed ſince the beginning of the Cycle here pf 
vided for; and the remainder will ſhew the] 
of the current Cycle anſwering to the given y 
of CHRIST. Hence, if the remainder be o, y 


Requi 


From 


muſt inſtead thereof put 76, and leſſen the O ye; 
tient by. unk xe . - Whie 
Then, look in the left-hand column of the Ta g 
for the number in your remainder, and again an 
you will find the times of all the mean New Mac Ther 
in that year of the preſent Cycle. And when TI: 
in 76 Julian years the Moon anticipates 5 ho And 
52 minutes, if therefore theſe 5 hours 52 minu 2 { 
be multiplied by the above-found Quotient; that Nem 
by the number of entire Cycles paſt; the prod act 
ſubtracted from the times in the Table will let by 
the corrected times of the New Moons to the OM £211 
Stile; which may be reduced to the New Stile th art 
Divide the number of entire hundreds in 4, 
given year of ChRISTH by 4, multiply this quoi "4 
by 3, to the product add the remainder, and fa \\" 
their ſum ſubtract 2: this laſt remainder dend ed 
the number of days to be added to the times ab( th 
corrected, in order to reduce them to the New & m. 
The reaſon of this is, that every 400 years of Wi Fron 
New Stile gains 3 days upon the Old Stile: one an 
which ir gains in each of the centurial years Vi 
ceeding that which is exactly diviſible by 4 with( N 
l 


a remainder ; but then, when you have found 
days ſo gained, 2 muſt be ſubtracted from i 
number on account of the rectifications made 
the Calendar by the Council of Nice, and a 
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Pope Gregory. It mult alſo be obſerved, that the 
\dditional days found as above directed, do not 
uke place in the centurial Years which are not 
multiples of 4 till February 29th, Old Stile, for on 
that day begins the difference between the Sliles; 
ll which day, therefore, thoſe that were added in 
the preceding years muſt be uſed. The following 
Example will make this accommodation plain, 


Required the mean time of New Moon in June, A. D. 
| 1909, N. S. 


From 1909 take 1723 
years, and there remains 186 
Which divided by 76, 
gives the quotient 2 
and the remainder — 34 
Then, againſt 34 in the OD 
Table is Fane — — 5* 8* O Afternoon, 
And 5* 52* multiplied by 
2 make to be ſubtr.— 11 44 
Remains the mean time 
according to the Old 
Stile, une — — — 5 9 16® 
Entire hundreds in 1909 
| are 19, which divide by 
4, quotes — — — 
And leaves a remainder of 
Which quotient multiph- . 
ed by 3 makes 12, and 
the remainder added 
Makes — — H— — I5 
From which ſubtra& 2, 
and there remains — 12 
Which number of days 
added to the above time, 
Old Stile, gives June — 18* gf 16 Morn, N. S. 
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Moon in this Table, it will give the time thereof 
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So the mean time of New Moon in Fune 1909 
New Stile is the 18th day, at 16 minutes paſt 9 in 
the Morning. a 


\ 


W 


— 


If 11 days be added to the time of any New! 


according to the New Stile till the year 1809, 
And if 14 days 18 hours 22 minutes be added to 
the mean time of New Moon in either Stile, it will 
give the mean time of the next Full Moon accord. 
ing to that Siile. 
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<A FATE ſhewing the times of all the mean Changes 7 


— 
E | the Moon, to the neareſt Hour, through four Lunar Pe- 
2 riods, or 76 years. M ſignifies morning, A afternoon. 
5 January February March Ari 
© A, D, 15 2 — — — — ä — | 
| D.----H4D--- - HD. Hb... 81 
VS En | | | — — 6 
1172414 5 Aftz Mrz 6 Al2 7M 
e n 241g. n 4 


WD 00 i am WW 
A 
No 
2 
— 
0 
N 
> 
ID 
— 
00 
+> 
> 
— 
JI 
Z 


101733] 4 2 A3 3M|4 4 A 3 4M 
111734423 O Alz: 1IMùaz 3 1 Alz 2 2M 
121735[(12 9 Aſiz gMji2 10 AUI IIM 


317367 6 AF 33/4. 0 8 Ae? 1. 
141737120 3M118 4 Aſo 4Mji8 54A 


151738] g 11M] 7 12Alg 1A[s8 1M 


1611739/28 M26 10 Aſ28 11Mſ26 12 Al 
1717401 G6 Aſs 7Mi6 8 Al; 9M 


$1741] 6 3M 4 4A 6 4AM 4 5 A 


191742124 12 Aſ2 3 i Aas 2 Mg. 3A 
20174314 gM|i2 10 Af 11Mji2 124 


2111744] 3 6Al2 7M 1 3 A 1 984 
221745121 4 Aj20 5Mlzt 5 Azzo 6M 
231746110 12 A 9 1 Alli 2M| 9 3A 


247479 10 Aſ28 11Mi2g 11 Afz8 OA 
251748019 6M 17 7 Aj18 8 M16 9A 


261749] 2. 2 Al N LN. 


"I , 
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| A Taps of the mean New Moons, &. — 
TT Ho | jm | J9 [as Ml 
18A. D.— — — —— ——— 5 
„ p. Hp. Hp. H. p. f. | 
— 2 12 . — | — —— — — 6 
| 111724/rr 8 Alo 8M 9e 9 A8 1oM — 
1725 4 0 go ot 5 Az7 8M * 

1 726/20 "1Mjis8 2A18 3M16 4A 


1727] 9 11M 7 12 A 7 OA 6 INM 


1728027 8 Mäzß5 9 Az 10 M23 11 A 
1729016 5 Alg MIA 7 An2 7M 


i730) 6 2M4 34/4 3M 44 


Oo Wan + w na 


I731124 11 Alz 3 o Alz I Mz1I 24A 
1732/13 SM Al 10M 9 11A 
111173421 2 Aſo 3 Mig 4 Af18 55M 
12117 35/70 11 AN OA iM 7, 24 
19173628 9 AÞ7 | . 
114 193718: „ Mis 6 ATC 7Mi4g 8A 
15 1738 q 5 3. Yew 
1601730026 O Alz axMſ24 2 Az3 3M 
17174004 9 Aji3 roMjt2 11 A1 04A 
18074 SM 6A 


19 WP 3M 21 4 Aſ2r 5 M19 6 A 
20[1743)i2 © Ajit IM 
21[174430 ws aol 11 Aſ28 © 85 12 A 
22174319 6 A018 i M7 8 A6 8M 
eee as r e, 64 
24174727 12 A 26 1 A426 2 M24 3A 
2 5774816 9 M14 10 8 II M12 1 5 
| 13 ED . 
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380 Of the Diviſſon of Time. 
Pafter Cycle 388. The Cycle of Eaſter, alſo called the Dinyj 3 


deficient. . . . 
Period, 1s a revolution of 532 years, found by my 
tiplying the Solar Cycle 28 by the Lunar Cyd 
19. If the New Moons did not anticipate up... 
this Cycle, Eaſter-Day would always be the Sun; 
next after the firſt Full Moon which follows tt 
21ſt of March. But, on account of the above: 
ticipation, & 422. to which no proper regard wil 
had before the late alteration of the S/:le, the Fr 
ſiaſtic Eaſter has ſeveral times been a week differ 
ent from the true Eaſter within this laſt Century 
which inconvenience 1s now remedied by making 
the Table which uſed to find Eaſter for ever, i 
the Common Prayer Book, of no longer uſe thailf 
_ Lunar difference from the New Stile will admi 
of. 3 


389. The earlieſt Eaſter poſſible is the 22d of 
March, the lateſt the 25th of April. Within theſe 
limits are 35 days, and the number belonging tall 

each of them is called the Number of Direction 
becauſe thereby the time of Eaſter is found for an 
Number of given year. To find. the Number. of Direction, 
PDuseckion. according to the New Stile, enter Table V. follow 
ing this Chapter, with the compleat hundreds of 
any given year at the top, and the years thereot 
(if any) below an hundred at the left hand; and 
where the columns meet is the Dominical Letter 


* 
for the given year. Then, enter Table I. with * 
the compleat hundreds of the fame year at the let r a 
hand, and the years below an hundred at the top; 72 
and where the columns meet is the Golden Num- erer 
ber for the ſame year. Laſtly, enter Table II. with ben 
the Dominical Letter at the left hand and Golden an 
Number at the top; and where the columns meet 3. 
is the Number of Direction for that year; which ere: 
number, added to the 2 iſt day of March, ſheus af 
on what day either of March or April Eaſter- Sund Ty 
falls in that year. Thus, the Dominical Letter Is 
New Stile for the year 1757 is B (Table V.) and in 


the Golden Number is 10, (Table 1.) by — 


Of the Diviſion of Time. 


1. in the year 1757. N. B. There are always two 
Lminical Letters to the Leap-year, the firſt of 
ich takes place to the 24th of February, the laſt 
the following part of the year. wa 

290, The firſt ſeven Letters of the Alphabet are 
mmonly placed in the annual Almanacks, to 
gew on what days of the week the days of the 
ths fall throughout the year. And becauſe 
ge of thoſe ſeven Letters muſt neceſſarily ſtand 
inſt Sunday, it is printed in a capital form, and 
led the Dominical Leiter: the other ſix being in- 
ned in ſmall characters, to denote the other ſix 
ws of the week. Now, ſince a common Julian 
ur contains 365 Days, if this number be divided 
(the number of days in a week) there will re- 
in one day. If there had been no remainder, 


me day of the week. But ſince 1 remains, it is 


me day of the week; and therefore the next year 
begin on the day following. Hence, when 
meary begins on Sunday, A is the Dominical or 
day Letter for that year: then, becauſe the next 
tar begins on Monday, the Sunday will fall on the 


hence it is evident, that the Sunday Letters will 


ere all common ones, the ſame days of the week 
dd Dominical Letters would return to the ſame 
ys of the months. But becauſe there are 366 


Y in a Leap- year, if this number be divided by 
þ there will remain two days over and above the 
e 52 


Table II. the Number of Direction is found to 
20; which, reckoning from the 21ſt of March, To find the 
4s on the roth of April, that that is Eafter-Sun- ne Falte. 


s plain the year would conſtantly begin on the 


$ plain that the year mult begin and end on the 


renth day, to which is annexed the ſeventh Letter 

which therefore will be the Dominical Letter 
Ir all that year: and as the third year will begin 
Nl Tuz/day, the Sunday will fall on the fixth day; 
erefore F will be the Sunday Letter for that year. 


annually in a tetrograde order thus, G, F, E, D, 
B, 4. And in the courſe of ſeven years, if they 
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382 Of the Diviſion of Time. 
52 weeks of which the year conſiſts. And tei... 
fore, if the Leap-year begins on Sunday, it wil > 
on Monday; and the next year will begin on 7,8? 
day, the firſt Sunday whereof muſt fall on the gy 
of January, to which is annexed the Letter F, 2 in 
not E, as in common years. By this means, f * 
Leap- year returning every fourth year, the org re 
of the Dominical Letters is interrupted; and u 7 
Series cannot return to it's firſt ſtate till after fu A c 
times ſeven, or 28 years; and then the ſame da : 7 
of the months return in order to the ſame days * 
the week ent 8 1. 
To fade 391. To find the Dominical Letter for am year| + 


Dominica I her before or after the Chriſtian Ara. In Table 11 
Letters. or IV. for Old Stile, or V. for New Stile, look | 
the hundreds of years at the head of the Tabl 


arch, 


il a 


and for the years below an hundred (to make . 
the given year) at the left hand; and where HMI. e 
columns meet, you have the Dominical Letter if. ref 
the year defired, Thus, ſuppoſe the Dominiq 
Letter be required for the year of CHAIST 17:8; 

| New Stile, 1 look for 1700 at the head of Table Wl 4 
and for 58 at the left hand of the ſame Table; aq 1 of 
in the angle of meeting, I find 4, which is the nds 
minical Letter for that year. If it was want wy 
for the ſame year Old Stile, it would be found Mund 
Table IV. to be D. But 1% find the Dominica Luer. 2 
For amy given year before Cx Is r, ſubtract one fu btne 
that year, and then proceed in all reſpects as } zich o 
now taught, to find it by Table III. Thus, ſupp tn 


the Dominical Letter be required for the 534 

ar before the firſt year of CHRIS r, look for 5{ 

at the head of Table III. and for 84 at the 
hand; in the meeting of theſe columns is F. 

which were the Dominical Letters for that ye 

and thews that it was a Leap- year; becauſe Lei 

year has always two Dominical Letters. 

To find the 392. To find the day of the month anſwering 10 
Nays of the day of the week, or the day of the week anſwe" 
ta any day of the month, for any year paſs or 7 A 


ſtan 
or Tu, 
nous 
hich 

edes 

the 
Vedne, 
393 
f 28 l 
he Ro 
I 
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wing found the Dominical Letter for the given 


he head; and under it, all the days in that co- 
nn are Sundays, in the diviſions of the months; 
e next column to the right hand are Mondays; 
de next, Tueſdays; and fo on to the laſt column 
"er C; from which go back to the column un- 
er A, and thence proceed towards the right hand 
before. 
eter New Stile is B, in Table V; then in Table VI. 
|| the days under B are Sundays in that year, vis, 
e 2d, 9th, 16th, 23d, and 3oth of January and 
ober; the 6th, 13th, 20th, and 27th of February, 
arch, and November; the 3d, 1oth, and 17th of 
hril and Juby, together with the 31ſt of Juhy; and 
d on to the foot of the column. Then, of courſe, 
the days under C on Mondays, namely, the 3d, 
oth, Ec, of Fanuary and Ofober; and fo of all 
ereſt in that column. If the day of the week an- 
wering to any day of the month be required, it is 
afily had from the ſame Table by the Letter that 


ands over the 28th of May is A; and in the year 
dz before CurisT, the Dominital Letters were 
Wound ro be FE, § 391; which being a Leap- 

fear, and E taking place from the 24th of February 


th muſt have been on a Wedneſday; for when 
ſtands for Sunday, F muſt ſtand for Monday, G 
vr Tueſday, &c. 
nous Eclipſe of the Sun foretold by TraLes, by 


edes and Lydians, happened on the 28th of May, 
| the 585th year before CurisT, it fell on a 
Vedneſday. e e ee eee, 


fe Roman Indiction of 15 years, ariſes the great 
] | | | Juan 


ar, enter Table VI. with the Dominical Letter 


Thus, in the year 1757, the Dominical 


Finds at the top of the column in which the given 
lay of the month is found. Thus, the Letter that 


the end of that year, ſhews by the. Table that the 
zh of May was on a Sunday; and therefore the 


Hence, as it is ſaid that the fa- 


hich a peace was brought about between the 


_ 
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393. From the multiplication of the Solar Cycle Polian 
28 years into the Lunar Cycle of 19 years, and. 
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Julian Period, conſiſting of 7980 years, which 1 
s beginning 764 years before Strauchins's ſupp 
year of the Creation (for no later could all the thy 
Cycles begin together) and it is not yet compleaeM 
and therefore it includes all other Cycles, Period 
and Eras. ere is but one year in the whe 
Period that has the ſame numbers for the thr 
Cycles of which it is made up: and therefore 
hiſtorians had re marked in their writings the Cyd 

of each year, there had been no diſpute about u 
time of any action recorded by them. == 
. The Diony/ian or vulgar Era of Cf 
Period: birth was about the end of the year of the Juli 
Period 4713; and conſequently the firſt year ( 
| his age, according to that account, was the 4714 
year of the ſaid Period. Therefore, if to the cy 
rent year of CHRISTH we add 4713, the ſum will h 
the year of the Julian Period. So the year 17 
will be found to be the 6470th year of that Pero 
Or, to find the year of the Julian Period anſwer; 
to any given year before the firſt year of Chan 
ſubtract the number of that given year from 4714 
and the remainder will be the year of the Julia 
Pericd. Thus, the year 385 before the firlt ye: 
of CnRisr (which was the 584th before his birth 
was the 4129th year of the ſaid Period, Laſtly 
to find the Cycles of the Sun, Moon, and Indicti 
for any given year of this Period, divide the give 
And the year by 28, 19, and 15 the three remainders ut 
3 be the Cycles ſought, and the Quotients the nu 
bers of Cycles run ſince the beginning of the f 
riod. So in the above 4714th year of the Juid 
Period, the Cycle of the Sun was 10, the Cycle“ 
the Moon 2, and the Cycle of Indiction 4; 
Solar Cycle having run through, 468 courſes, ii 
Lunar 248, and the Indiction 314. 


| The tue 395. The vulgar Era of Chaisr's birth u 
Zr of , never ſettled till the year 527, when Diony/tus bs 


birth, guns, a Reman Abbor, fixed it to the end of f 
4713th year of the Julian Period, which was fo 


9 1 
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years too late. For our Saviour was born before 
the death of Herod, who ſought to kill him as ſoon 
43 he heard of his birth. And according to the 
eftimony of Joſephus (B. xvii. ch. 8.) there was an 
Eclipſe of the Moon in the time of Herod's laſt ill- 
neſs; which Eclipſe appears by our Aſtronomical 
Tables to have been in the year of the Julian Pe- 
riod 4710, March 13th, at 3 hours paſt midnight, 
at Jeruſalem. Now as our SAVIOUR mult have been 
horn ſome months before Herod's Death, fince in 
the interval he was carried into Egypt, the lateſt 
ume in which we can fix the true Era of his Birth 
z; about the end of the 470gth year of the Julian 
Period, 5 -, I nes 
There is a remarkable Prophecy delivered to us 
in the ninth chapter of the book of Daniel, which, 
from a certain Epoch, fixes the time of reſtoring the 
State of the Fews, and of building the Walls of 
Jrruſalem, the Coming of the Mess1an, his Death, 
and the Deſtruction of Jeruſalem. —But ſome parts 
of this Prophecy (Ver. 25.) are ſo injudiciouſly 
pointed in our Engliſb tranſlation of the Bible, that, 
if they be read according to thoſe ſtops of point- 
ing, they are quite unintelligible. —Bur the learned 
Dr. Prideaux, by altering theſe ſtops, makes the 
ſenſe very plain: and as he ſeems to me to have 
explained the whole of it better than any other au- 
thor I have read on the ſubject, I ſhall ſer down 
the whole of the Prophecy according as he has 
pointed it, to ſhew in what manner he has divided 
it into four different parts. 0 
Ver. 24. Seventy weeks are determined upon thy 1 
People, and upon thy holy City, to finiſh the Tranſgreſ- : 
fon, and to make an end of Sins, and to make recon- 
| ciliation for Iniquity, and to bring in everlaſting Righ- 
teouſneſs, and to ſeal up the Viſion, and the Prophecy, 
and to anoint the moſt holy, Ver. 25. Know therefore 
and underſtand, that from the going forth of the Com- 
nandment to reſtore and build Jeruſalem unto the 
Mzs$1ar the Prince ſpall be. ſeven weeks and tbree- 
CS. ſeore 
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ſcore and two weeks, the ſtreet ſhall be built again, 114 
the wall even in troublous times. Ver. 26. And of 
threeſcore and ttbo weeks ſhall MEssfAH be cut if 
but not for himſelf, and the people of the Prince this 
ſhall come, ſhall deſtroy the City and Sanctuary, and th; 
end thereof ſhall be with a Flood, and unto the end 
of the War deſolations are deterihined. Ver. 27. Aud 
be ſhall confirm the Covenant with many for one we, 
and in the midſt * of the week be ſhall cauſe the ſacri. 
Ice and the oblation to ceaſe, and for the over ſpreading 
of abominations he ſhall make it deſolate even until thy 
Conſummation, and that determined ſhall be poiired upon 
the deſolate. | | . 1 
This Commandment was given to Ezra by 4. 
taxerxes Longimanus, in the ſeventh year of that 
King's reign (Ezra, ch. vil, ver. 1126.) Ezra be. 
gan the work, which was afterwards accomplifhed 
by Nebemiab; in which they met with great opps- 
ſition and trouble from the Samaritans and others, 
during the firſt feven weeks, or 49 years. 
From this accompliſhment till the time when 
 CurisrT's meſſenger John the Baptiſt began to 
preach the Kingdom of the Messian, 62 weeks, 
Or 434 years. yy . | 
From thence to the beginning of CHRIST's pub- 
lic miniſtry, half a week, or 3+ years. 
And from thence to the death of CHRIST, half 
a week, or 32 years; in which half week he 
preached, and confirmed the Covenant of the Goſpel 
with many REY: 
In all, from the going forth of the Command- 
ment till the Death of ChRIST, 70 weeks, or 490 
years. „ | 
l And, laſtly, in a very ſtriking manner, the Pro- 
phecy foretels what ſhould come to pals after ihe 
expiration of the ſeventy weeks; namely, the De. 
ſtruction of the City and Sanctuary by the people if 
the Prince that was to comet ; which were the Roma# 
* The Doctor ſays, that this ought to be rendered, the af 
part of the week, not the midi. + 3 
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Armies, under the command of Titus their Prince, 
who came upon Feru/alem as a torrent, with their 
dolatrous images, which were an abomination to the 

5, and under which they marched againſt them, 
invaded their land, and beſieged their holy City, 
and by a calamitous war brought ſuch utter de- 
fruRtion upon both, that the Jes have never been 
able to recover themſelves, even to this day. 

Now, both by the undoubted Canon of Ptolemy, 
and the famous Ara of Nabonaſſar, the beginning 
of the ſeventh year of the reign of Artaxerxes Lon- 
yimanus King of Perſia (who is called Ahaſuerus in 
the book of Eſther) is pinned down to the 42 56th 
year of the Julian Period, in which year he gave 
Ezra the above mentioned ample Commiſſion : 
from which count 490 years to the Death of 
CarisT, and it will carry the ſame to the 4746th 
year of the Julian Period. 2 

Our Saturday is the Jewiſh Sabbath: and it is 
plain, from St. Mark, ch. xv. ver. 42. and St. Luke, 
ch. Xxili. ver. 54, that CHRIST was crucified on a 
Friday, ſeeing the Crucifixion was on the day next 
before the Jewiſh Sabbath. And according to St. 
Jobn, ch. xvili. ver. 28. on the day that the Paſſover 
was to be eaten, at leaſt by many of the Jews. 

The Fews reckoned their months by the Moon, 
and their years by the apparent revolution of the 
Sun: and they ate the Paſſover on the 14th day of 
the month of NMiſan, which was the firſt month of 
their year, reckoning from the firſt appearance of 
the New Moon, which at that time of the year 
might be on the evening of the day next after the 
change, if the ſky was clear. So that their 14th day 
of the month anſwers to our fifteenth day of the 
Moon, on which ſhe. is full. —Conſequently, the 
Paſſover was always kept on the day of Full Moon. 

And the Full Moon at which it was kept, was 
that one which happened next after the Vernal 
Equinox. For Joſephus expreſsly ſays ( Antiq. B. iti. 
ch, 10.) The Paſſover was kept on the 14th day 
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nox; which, in our Saviour's time, fell on the 


at moſt.— But, as we have ſhewn that he was cry. 
_ cified on the day of a Paſcal Full Moon, and on 
a Friday, all that we have to do, in order to aſcer. WM 


which of thoſe years there was a Paſſover Ful 


Moon on a Friday.—For, the Full Moons antici. 
pate eleven days every year (12 Lunar Monthy 


Era of his birth; but the 37th, reckoning from 


ſome time before his death (John viii. 57.) © 1 
art not yet fifty years old,” we muſt confeſs tba 


Of the Times of the Birth and Death of Canuxr: 


* of the month of Niſan, according to the Moos, 
„ when the Sun was in Aries.” — And the Sun al. 
ways enters Aries at the inſtant of the Vernal Equi. 


22d day of March. e 
The diſpute among Chronologers about the yen 
of Cyr1sT's Death is limited to four or five years 


tain the year of his death, is only to compute in 


being ſo much ſhort of a Solar year), and therefore, 
once in every three years at leaſt, the Jews were 


obliged to ſet their Paſſover a whole month for- 


warder than it fell by the courſe of the Moon, on 
the year next before, in order to keep it at the Full 
Moon next after the Equinox; therefore there could 


not be two Paſſovers on the ſame nominal day off 


the week within the compaſs of a few neighbouring 


years. And I find by calculation, the only Paſſover 
Full Moon that fell on a Friday, for ſeveral years 


before or after the diſputed year of the Crucifixion, 
was on the gd day of April, in the 4746th year of 
the Julian Period, which was the 490th year after 


Ezra received the above-mentioned Commiſſion 


from Artaxerxes Longimanus, according to Ptolemy 
Canon, and the year in which the Mess1AH was t0 


be cut off, according to the Prophecy, reckoning] 
from the going forth of that Commiſſion or Com- 


mandment: and this 490th year was the 33d yea 
of our Saviour's Age, reckoning from the vulgi 


the true Æra thereof. 53 1 
And, when we reflect on what the Jews told him, 


it ſhould ſeem much likelier to have been ſaid to 
1 335 | periot 


man 99 I, I 2 


Of the Times of the Birth and Death of Cux is. 


perſon near forty than to one but juſt turned of 
thirty. And we may eaſily ſuppoſe that St. Luke 
expreſſed himſelf only in round numbers, when he 
ſaid that Chriſt was baptized about the 3oth year of 
bis age, when he began his public miniſtry ; as our 
Savioux himſelf did, when he ſaid he ſhould lie 

three days and three nights in the grave, 

The 4746th year of the Julian Period, which 

we have aſtronomically proved to be the year of 

the Crucifixion, was the 4th year of the 202d Olym- 

piad; in which year, Phlegon, a heathen writer, 

tells us, here was the moſt extraordinary Eclipſe of the 


that there could be no toral Eclipſe of the Sun at 
Jeruſalem, in a natural way in that year.—So that 
what Phlegon here calls an Eclipſe of the Sun, ſeems 
to have been the great darkneſs for three hours at 


tioned by the Evangeliſts: a darknels altogether 
ſupernatural, as the Moon was then in the fide of 
the Heavens oppoſite to the Sun; and. therefore 
could not poſſibly darken the Sun to any part of 
the Earth, ora a te RO 


putations, ſo there are certain points of time from 
which hiſtorians begin to reckon ; and theſe points, 
or roots of time, are called Æras or Epochs. The 
moſt remarkable Aras are thoſe of the Creation, 
the Greek Olympiads, the Building of Rome, the 
Ara of Nabonaſſar, the Death of Alexander, the 
Birth of Cyr1sT, the Arabian Hegira, and the Per- 
fan Feſdegird: All which, together with ſeveral 
others of leſs note, have their Beginnings in the 
following Table fixed to the years of the Julian 


Cuxisr's birth. 


- _ 0 1 eee ee „ A 


Sun that ever was ſeen, But I find by calculation, 


the time of our Saviour's Crucifixion, as men- 


396. As there are certain fixed points in the 
Heavens from which Aſtronomers begin their com- 


Period, to the Age of the World at thoſe times, 
and to the Years before and after the year of 


Cc 3 FE, A Table 
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47+ Is killed in the Senate-Houſe 
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A Table f remarkable Aras and Events, 


p — 


Iulian 
Period. 1 
1. The Creation of the World — — —— — —1 706; 
2. The Deluge, or Noah's Flood — — — —|2362 165 
3. The Afjrian Monarchy founded by Nimrod — 25371831 
4. The Birth of Abraham — — — — — — 27142008010 
5. The Deſtruction of Sodom and Gomorrah — —|2816|2116 8 
6. The Beginning of the Kingdom of Aubens by * 315712451 
7. Moſes receives the Ten Commandments — — 1322225 16 
8. The Entrance of the Vaelites into Canaan — — 3262 2550 
9. The Argonaxtic Expedition — — — — —|3450 2744 
10. The Deſtruction of Troy — — — — 9352912323 
11. The Beginning of King David's Reign — — 3650 2944 
12. The Foundation of Solomon's Temple — — *—|3701 | 2995 
13. Lycurgus forms his excellent Laws — — — 3829 3103 
14. Arbaces, the firſt King of the Medes —, — — 3838 3132 
15. Mandaucus, the ſeconßeae—— — — — — | 3865 3159] 
16. So/armus the third — — — — — — 391513209 
17. The Beginning of the Olympiads — | — — —|3938| 3232 
18, Artica, the fourth King of the Medes — —| 394513239 
19. The Catonian Epocha of the Building of Rome — 39613255 
20. The Era of Nabonaſſar — — — — — 396573261 
21. The Deſtruction of Samaria by Salmaneſer — — 39923286 
22, The firſt Eclipſe of the Moon on Record — — 39933287 
23, Cardicea, the fifth King of the Medes — — 3996 32900 
24. Phraortes, the fixth — — — — — —|4058| 3352 
25. Cyaxares, the ſeventh —= — — — —|[4080|3374 
26. The firſt Baby Captivity by Nebuchadnezzar |4107| 3401 
27. The long War ended between the Medes and Lydians|4111] 3405 
28. The ſecond Babylonihh Captivity, and Birth of Cyrus|4114| 3408, 
29. The Deſtruction of Solomoy's Temple — — —{4125] 3419 
30. Nebuchadnezzar ſtruck with Madneſs — — — 41443438 
31. Daniel's Viſion of the four Monarchies — —|4158 3452 
32. Cyrus begins to reign in the Perfan Empire —[4177| 347! 
33. The Battle of Marathon E — 12 3517 
34+ Artaxerxes Longimanus begins to reign — ——[4249} 3543 
35. Che Beginning of Daniel's ſeventy Weeks of Years 4250}; 3550 
6. The Beginning of the Pelaponneſian War — —|[4282| 3570 
37. Alexander's Victory at Arbela — — — —[4383) 3077 
338. His Death —- — — — — — 14399 3684 
39, The Captivity of 100,000 Fews by K ing 8 43931 3687 
40. The Coloſſus of Rhode thrown down by FRE 
= an i | 2 2 3875 
41. Antiachus d 1 by Ptolemy Philopater — —| 449613790 
42. The famous ArcnuimeDes murdered at gd [45061 3800 2 
43- Jaſon butchers the Inhabitants of Jeruſalem — 4543 3837 
4. Corinth plundered and burnt by Conſul Mummius 4567 38610 
. Julius Cæſar invades Britain — — — 5 
46. He corrects the Calendar wm — — — 4677, 3901 


* 


48. Herod made King of Judea — — 
9. Anthony defeated at the Battle of A#ium 

50. Agrippa builds the Pantheon at Rome — 
1. The true Era of CRHAIST's Birth 


52. The Death of Hero — — — — 


To 2m 


The Dionyfran or vulgar Era of Caz1sT's Birth 


4 The true Year of his Crucifixion — — — 

The Deſtruction of Feru/alem — — — — 
6. Adrian builds the long Wall in Britain a 
57. Conſtantius defeats the Pids in Britain i 
8. The Council of lice — — — — — — 

The Death of Cosſtantine the Great — — — 
bo, The Saxons invited into Britain — — — — 


64. The Sun, Moon, and all the Planets in Libra, ! 


A Table of remarkable Ara 5 and Even ts. 


. 


534% 
J3890, 


[6153 
6230 


Julian 
Period. 


4073 
468 


4688 
4709 
4719 


4713 


4746404 


4783 
4833 


301914313 


5038 
5050! 
$158! 
53355 
5343 


In fixing the year of the Creation to the 70th 
year of the Julian Period, which was the 400th 


lowed Mr. Bedford in his 77 Chronology, 


printed A. D. 1730, and Mr. 


313977 


X. ofthe 
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Be fore 


World. Chriſt. 


3967 


3982 
14003 
4004 


4007 


4077 
1127 


4332 
4344 
4452 


4029] 6 


4637 
4038 


519311186 
5447]1440 


5524 


Age of the 
World un- 


Lennedy, in a work 


of the fame kind, printed A. D. 1762. Mr. Bed- 
ford takes jt only for granted that the World was 
created at the time of the Autumnal Equinox ; 
but Mr. Neunedy affirms that the ſaid Equinox was 
at the noon of the fourth day of the Creation- 
week, and that the Moqn was then 24 hours paſt 
her Oppoſition to the Sun.—If Moſes had told us 
the ſame things, we ſhould have had ſufficient data 
tor fixing the Era of the Creation: but, as he has 
been ſilent on theſe points, we muſt conſider the 
beſt accounts of Chronologers as entirely hypa- 


thetical and uncertain, 


Ce 4 


TABLE 


certain. 
year before the year of CHRIST's Birth, I have fol 
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TAnTE V. T1 be Dominical 8 
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The On EA deſcribed; 


A Deſcription of the Aſtririomical Machinery foi 
to explain and illuſtrate the foregoing part of tj 
2 reatiſe. „„ | F 


Fronting the 397. HE Orrzzxy. This Machine ſhews thi 
2 Motions of the Sun, Mercury, Venys 
zr. Earth, and Moon; and occaſionally, the ſuperig 
Planets, Mafs, Jupiter, and Saturn, may be py 
on; Jupitet's four Satellites are moved round hi 
in their proper times by a ſmall Winch; and $, 
tutn has his five Satellites, and his Ring whic 
keeps it's Paralleliſm round the Sun; and by ; 
Lamp put in the Sun's place, the Ring ſheys all 
the Phaſes deſcribed in the 204th Article. 
The Sun. Ia the Centet, No. 1. repreſents the Sun, ſup 
5 pens by it's Axis inclining almoſt 8 Degrees 
rom the Axis of the Eeliptic; and turning round. 7" 
in 254 days on it's Axis, of which the North Pole [1v1C1 
00 inthnes toward the 8th Degree of Piſces in thun f 
The Eclip- great Ecliptic (No. tt.) whereon the Months and om 
tie. Days are chgraven over the Signs and Degrees rer 
Which the Sun appears, as ſeen ftom the Earth, oi eus 
the different days of the year. ace 
Mercury, The neareſt Planet (No, 2.) to the Sun is Mes 
cuiy, Which goes round him in 87 days 23 Hours, he N 
or 8743 diurnal rotations of the Earth; but his anc 
no Motten round it's Axis in the Machine, becauſe nue 
the time of it's diutnal Motion in the Heavens 1s 
not known to us. ER FH. if 
The next Planet in order is Fenns (No. 3.) which 
performs her annual courſe in 224 days 17 hours, 
and turns round her Axis in 24 days 8 hours, of 
in 244 diurnal rotations of the Earth. Her Aus 
inclines 75 Degrees from the Axis of the Ecliptic 
and her North Pole inclines towards the 20th De. 
gree of Aquarius, according to the obſervations df 
be 6 . Bianchi 


The OxRERY deſeribed, 


anchini. She fthews all the Phenomena deſctibed 
om the zoth to the 44th Article in Chap, I. 


No. 4.) which turns round it's Axis, to any fixed 
doint at a great diſtance, in 23 hours 56 minutes 
ſeconds, of mean ſolar time (F221, & ſeg.) but 
om the Sun to the Sun again in 24 hours of the 
ume time. No. 6. is a ſydereal Dial-Plate under 
the Earth; and No. 7. 4 ſolar Dial-Plate on the 
over of the Machine. The Index of the former 
ſhews ſydereal, and of the latter, ſolar time; and 
hence, the former Index gains one entire revolu- 


il days contain 366 fydereal days, or apparent re- 
volutions of the Stars. In the time that the Earth 
makes 365 diurnal rotations on it's Axis, it goes 
bnce round the Sun in the Plane of the Ecliptic; 
and always keeps oppoſite to a moving Index 
No. 10.) which ſhews the Sun's apparent daily 
bange of place, and alſo the days of the months. 

The Earth is half covered with a black cap, for 
ividing the apparently enlightened half next the 
Sun from the other half, which when turned away 
Irom him is in the dark. The edge of the cap re- 
preſents the Circle bounding Light and Darkneſs, and 
hews at what time the Sun riſes and ſets to all 
paces throughout the year. The Earth's Axis in- 
Ines 234 Degrees from the Axis of the Eeliptic, 
he North Pole inclines toward the beginning of 
Lancer, and keeps it's Paralleliſm throughout it's 
annual Courſe, § 48, 202 ; fo that in Summer the 


dun, and in Winter from him: by which means, 
ie different lengths of days and nights, and the 
ght. 


4 South Points, gfaduated on both ſides from 
e Horizon to 909 in the Zenith; or vertical Point. 
0 Hi The 


jon on the latter every year, as 365 ſolar or natu- 


orthern parts of the Earth incline towards the 


wſc of the various feaſons, are demonſtrated to ; 


There is 4 broad Horizon, to the upper gde of | 
hich is fixed a Meridia femicircle in the North 
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Next without the Orbit of Venus is the Earth, The Earth 
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The edge of the Horizon is graduated from ti, 
Eaſt and Weſt to the South and North Points, an 
within theſe Diviſions are the Points of the Com 
paſs. From the lower ſide of this thin Horizon 
Plate ſtand out four ſmall Wires, to which is fixed 
a Twilight-Circle 18 Degrees from the graduated 
fide of the Horizon all round. This Horiz0 
may be put upon the Earth (when the cap is take 
away) and rectified to the Latitude of any place M 
and then, by a ſmall Wire called the Solar Ry 
which may be put on ſo as to proceed directly fro 
the Sun's Center towards the Earth's, but to come 
no farther than almoſt to touch the Horizon. The 
beginning of Twilight, time of Sun-riſing, with 
his Amplitude, Meridian Altitude, Time of St 
ting, Amplitude then, and End of Twilight, are 
ſhewn for every day of the year, at hat place ti 
which the Horizon is rectified. 
The Moon. The Moon (Ne g.) goes round the Earth, fro 
between it and any fixed point at a great diſtance 
in 27 days 7 hours 43 minutes, or through all the 
Signs and Degrees of her Orbit; which is called 
ber Periodical Revolution; but ſhe goes round from 
the Sun to the Sun again, or from Change tolf 
Change, in 29 days 12 hours 45 minutes, which 
is ber Synodical Revolution; and in that time ſhe ex. 
hibits all the Phaſes already deſcribed, $-255. | 
When the above-mentioned Horizon is rectified 
to the Latitude of any given place, the Times o 
the Moon's riſing and ſetting, together with her 
Amplitude, are ſhewn to that place as well as the 
Sun's; and all the various Phenomena of the Hay 
veſt- Moon, $ 273, & ſeg. are made obvious it 
ſight. . 3 5 | 
The Notes, +. The Moon's orbit (No g.) is inclined to ths 
Ecliptic (Ne 1 1.), one half being above, and the 
other below it. The Nodes, or Points at o and o 
lie in the Plane of the Ecliptic, as deſcribed $ 3174 
318, and ſhift backward through all it's Signs ant 
Degrees in 185 years. The Degrees of A1 my 
ET hot | Fs roy atitudey 
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Latitude, to the higheſt at NIL. (North Latitude) * 
and loweſt at SL (South Latitude) are engraven 79 1 
boch ways from her Nodes at o and o; and, as the 41 
Moon riſes and falls in her Orbit according to it's WA 
inclination, her Latitude and Diſtance from her Why 
Nodes are ſhewn for every day; having firſt recti- Hp 
hed her Orbit ſo as to ſer the Nodes to their proper 1 
places in the Ecliptic: and then, as they come [$4 
about at different, and almoſt oppoſite times of the 1998 
year, F 319, and point twice towards the Sun, all 191: 
the Eclipſes may be ſhewn for hundreds of years UN's! 
(withaut any new rectification) by turning the 53 4 
Machinery back ward for time paſt, or forward for 1 
time to come. At 17 Degrees diſtance from each 1 [1 
Node, on both ſides, is engraven a {mall Sun; and BY 
at 12 Degrees diſtance, a ſmall Moon; which 13 16: 
ſhew the limits of ſolar and lunar Eclipſes, $ 317: wilt 
and when, at any change, the Moon falls between 114 
either of theſe Suns and the Node, the Sun will be AP 
eclipſed on the day pointed to by the Annual-In- 1 
dex (No 10.) and as the Moon has then North or 92 f 
South Latitude, one may eaſily judge whether that Si 


Eclipſe will be viſible in the Northern or Southern 
Hemiſphere z eſpecially as the Earth's Axis in- 
clines toward the Sun or from him ar that time. 
And when, at any Full, the Moon falls between 
either of the little Moons and Node, ſhe will be 
eclipſed, and the Annual-Index ſhews the day of 
that Eclipſe. There is a Circle of 255 equal parts 
(No 8.) on the cover of the Machine, on which 
an Index ſhews the days of the Moon's age. 


A ſemi-ellipfis and ſemi-circle are fixed to an el- PLATE 
lptical ring, which being put like a cap upon the K. 


Earth, and the forked part F upon the Moon, 


. a 4 . 
t,t * 
; * 

— 


. Db * — 
* xE 2 3 . a 
Sam. 5 Cura oo 2 — 
— ve _—_ 


ſhews the Tides as the Earth turns round within Wy: 
them, and they are led round it by the Moon. 114 
When the different places come to the ſemi-ellipſis Wi 
44 ED, they have Tides of Flood; and when Wks 
they come to the ſemicircle C E D, they have Tides | WY 
% Sr CORES 77s: - „ Key 
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Another 
ORA ERV. 


Pr. VI. 


r 


the wheels lie ſo behind others, 


wire or ſolar ray Z, which (as the Earth U turns 
round it's Axis) points to all the places that the | 
Sun paſſes vertically over, every day of the 90 | 


The OaR RR deſcribed. 


of Ebb, g 304, 305; the Index on the Hour.Circ 
(No 7.) ſhewing the times of theſe Phenomena. 


There is a jointed Wire, of which one end beine 


put into a hole in the upright ſtem that holds the 
_ Earth's cap, and the Wire laid into a ſmall forked 


piece which may be occaſionally put upon Venus 
or Mercury, ſhews the direct and retrograde Mo. 


tions of theſe two Planets, with their ſtationary 
Times and Places as ſeen from the Earth, 
The whole Machinery is turned by a winch or 


handle (Ne 12.) and is fo eafily moved, that 2 


clock might turn it without any danger of ſtopping, 
To give a Plate of the wheel-work of this Ma. 
chine, would anſwer no purpoſe, becauſe many of 


from ſight in any view whatſoever. 


398. Another Oxrery. In this Machine, which 
is the ſimpleſt I ever ſaw, for ſhewing the diurnal 


and annual motions of the Earth, together with 
the motion of the Moon and her Nodes, 4 and B 


are two oblong ſquare Plates held together by four 
upright pillars z of which three appear at f, g, and 
2 2. Under the Plate is an endleſs ſcrew on the 


Axis of the handle h, which works in a wheel fixed | 


on the ſame Axis with the double-grooved wheel 
E; and on the top of this Axis is fixed the toothed 
wheel i, which turns the pinion &, on the top of 


whoſe Axis is the pinion & 2 which turns another | 
| Pinion 3 2, and that other turns a third, on the 
Axis @2 of which is the Earth U turning round; | 


this laſt Axis inclining 234 Degrees. The fup- 
porter X 2, in which the Axis of the Earth turns, 
is fixed to the moveable Plate C. 


In the fixed Plate B, beyond H, is fixed the 
ſtrong wire d, on which hangs the Sun 7, ſo as it | 


may turn round the wire, To this Sun is fixed the 


le 


as to hide, them 


1 — — nt — — 


Te Onur deſcribed, 


The Earth 1s half covered with a black cap 4, as q: 1 
in the former Orrery, for dividing the day from 755 1 
the night; and, as the different places come out ol. 
fom below the edge of the cap, or go in below oy 
it, they ſhew the times of Sun-riſing and ſetting uy 


every day of the year. This cap is fixed on the 
wire 6, which has a forked piece C turning round 
the wire 4: and, as the Earth goes round the Sun, 
it carries the Cap, Wire, and ſolar Ray round him; 
ſo that the ſolar Ray conſtantly points towards the 
Earth's Center. 5 

On the Axis of the pinion & is the pinion , RY 13 
which turns a wheel on the cock or ſupporter u, 1 
and on the Axis of this wheel neareſt » is a pinion 
(hid from view) under the Plate C, which pinion | 
turns a wheel that carries the Moon round the 
Earth U; the Moon's Axis riſing and falling in the 
ſocket V, which is fixed to the triangular piece 
above Z; and this piece is fixed to the top of the 
Axis of the laſt- mentioned wheel. The ſocket I/ 
is ſlit on the outermoſt fide; and in this ſlit the 
two pins near Z, fixed in the Moon's. Axis, move 
up and down; one of them being above the in- 
clined Plane YA, and the other below it, By this 
mechaniſm, the Moon moves round the Earth 
Tin the inclined Orbit 3, parallel to the Plane of 
the Ring YA; of which the Deſcending Node is 
at A, and the Aſcending Node oppolite to it, but 
bid by the ſupporter X2.  _ 

The ſmall wheel Z turns the large wheels D and 
F, of equal diameters, by cat - gut ſtrings croſſing 
between them: and the Axes of theſe two wheels 
are cranked at & and H, above the Plate B. The 
upright ſtems of theſe cranks going through the 
Plate C, carry it over and over the fixed Plate B, - 
with a motion which carries the Earth U round the 
Sun 7, keeping the Earth's Axis always parallel 
to itlelf; or (till inclining towards the left hand of 
the Plate; and ſhewing the viciſſitudes of ſeaſons, 
33 deſcribed. in the tenth chapter. As the Earth 
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and turning round within the cap P, in which, and 


round a Circle h 2, divided into 244 equal parts, 


of the cap P for the different days of her age, 
Which are. ſhewn by the Index K; this Index, 
turning juſt as the Moon O does, demonſtrates her 


this Moon goes round her Earth, ſhe ſhews herſelf 
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goes round the Sun, the pinion & goes round ws f 
wheel i, for the Axis of & never touches the 6; be 6 
On the top of the crank G is an Index TL, h. 
goes round the Circle m2 in the time that ber 
Earth goes round the Sun, and points to the dayg it's 
of the months; which, together with the names ofc2'0 
the ſeaſons, are marked in this Circle. and 
This Index has a ſmall grooved wheel L fie bew 
upon it, round which, and the Plate Z, goes a car. i 
gut ſtring croſſing between them; and by this 
means the Moon's inclined Plane YA with it's 
Nodes is turned backward, for ſhewing the times 
and returns of Eclipſes, & 310, 320. 
The following parts of this machine muſt be 
conſidered as diſtinct from thoſe already deſcrib. 
ed. N 
Towards the right hand, let & be the Farth 
hung on the witze e, which is fixed into the Plate 
B; and let O be the Moon fixed on the Axis M, 


in the Plate C, the crooked wire © is fixed. On 
the Axis M is allo fixed the Index K, which goes 


which are the days of the Moon's age: but 6 
avoid confuſion in the ſcheme, it is only marked 
with the numeral figures 1 2 3 4, for the Quarters, 
As the crank II carries this Moon round the Earth 
& in the Orbit z, ſhe ſhews all her Phaſes by means 


turning round her Axis, as ſhe ſtill keeps the ſame 
ſide towards the Earth &, 5 262. 3 
At the other end of the Plate C, a Moon N goes 
round an Earth N in the Orbit p. But this Moon's 
Axis is ſtuck faſt into the Plate C at S 2, ſo that 
neither Moon nor Axis ean turn round; and as 


all round to it; which proves, that if the Moon 
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was ſeen all round from the Earth in a Lunation, 
ſe could not turn round her Axis. | 

N. B. If there were only the two wheels D and 
J, with a cat - gut ſtring over them, but not croſſing 
between them, the Axis of the Earth U would keep 
is Paralleliſm round the Sun 7, and ſhew all the 
ſeaſons; as I ſometimes make theſe Machines: 
and the Moon O would go round the Earth 8, 
hewing her Phaſes as above; as likewite would 
che Moon NN round the Earth R; but then, neither 
could the diurnal motion of the Earth U on it's 
Axis be ſhewn, nor the motion of the Moon / 
round the Earth, | 19 75 


299. In the year 1746 I contrived a very ſimple The car- 
Machine, and deſcribed it's performance in a ſmall ©9-479*+ 
Treatiſe upon the Phenomena of the Harveſt- 

Moon, publiſhed in the year 1747. I improved 
it ſoon after, by adding another wheel, and called 
it The Calculator. It may be calily made by any 
Gentleman who has a mechanical Genius. _ 

The great flat Ring ſupported by twelve pillars, p.artt 
and on which the twelve ſigns with their reſpective . l. 
Degrees are laid down, is the Ecliptic; nearly inn 
the center of it is the Sun & ſupported by the ſtrong 
crooked Wire J; and from the Sun proceeds a 
Wire V, called the Solar Ray, pointing towards the 
center of the Earth E, which is furniſhed with a 
moveable Horizon H, together with a braſen Me- 
ridian, and Quadrant of Altitude. R is a ſmall 
Ecliptic, whole Plane coincides with that of the 
great one, and has the like Signs and Degrees 
marked upon it; and is ſupported by two Wires - 

D and D, which are put into the Plate P P, but may 

be taken off at pleaſure. As the Earth goes round 

the Sun, the Signs of this ſmall Circle keep paral- 

lel to themſelves, and to thoſe of the great Hãclip- 

tc, When it is taken off, and the ſolar Ray / 
drawn farther out, fo as almoſt to touch the Hort- 
Lon H, or the Quadrant of Altitude, the Horizon 
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the Center of the Machine. K is a knob or hand 


this Plane the Degrees and Parts of the Moon 
, North and South' Latitude are laid down from 1 


a» 


being reQtified to any given Latitude, and the Ex 


any given time upon the Quadrant of Altitude, 9 


be CaLcuLA TOR deſcribed. 


turned round it's Axis by hand, the point of u 
Wire ſhews the Sun's Declination in paſſing oy 
the graduated braſs Meridian, and his height 


gether with his Azimuth, or Point of bearing up 
the Horizon at that time; and likewiſe his Ampl 
tude, and time of riſing and ſetting by the He 
Index, for any day of the year that the Annual. 
dex U points to in the Circle of Months below t 
Sun. Mis a Solar-Index or Pointer ſupported 
the wire L which is fixed into the knob &: the u 
of this Index is to ſhew the Sun's place in th 
Ecliptic every day in the year; for it goes overth 
Signs and Degrees as the Index U goes over th 
Months and Days or rather, as they paſs undg 
tne Index U, in moving the cover plate with th 
Earth and it's Furniture” round the Sun; for t 
Index U 1s fixed tight on the immoveable Axis 


for moving tae Earth round the Sun, and the Moo 
round the Earth. | | | 


As the Earth is carried round the Sun, it's Ay 4 
conſtantly keeps the ſame oblique direction, « vs 
parallel to itſelf, & 48, 202, ſhewing thereby th - 
cifferent lengths of days and nights at different 5. 
times of the year, with all the various ſcaſon >, 
And, in one annual revolution of the Earth, ti 

Moon M goes 12+ times round it from Change i 0 
Change, having an occaſional proviſion for ſne $4 
ing her different Phaſes. The lower end of ti th 
Moon's Axis bears by a ſmall friction wheel upd! 5 
the inclined Plane 7, which cauſes. the Moon YN 
riſe above and fink below the Ecliptic & in ee, © 
Lunation; croſſing it in her Nodes, which {hl ky 
back ward through all the Signs and Degrees of p 
ſaid Ecliptic, by the retrograde Motion of the 1 1 
clined Plane 7, in 18 years and 225 days. 08 ; 


T be CALCULATOR deſcribed. 


he Nodes, one of which, viz. the Deſcending 
Node, appears at o, by D N above B; the other 
Node being hid from Sight on this Plane by the 
plate PP; and from both Nodes, at proper diſ- 
ances, as in the other Orrery, the limits of Eclip- 
ſes are marked, and all the ſolar and lunar Eclipſes 
arc ſhewn in the ſame manner, for any given year 
within the limits of 6000, either before or after the 
Chriſtian Era. On the plate that covers the wheel- 
work, under the Sun s, and round the knob K, 
are Aſtronomical Tables, by which the Machine 
may be rectified to the beginning of any given year 
within theſe limits, in three or four minutes of time; 
and when once ſet right, may he turned backward 
for 300 years palt, or forward, for as many to come, 
without requiring any new rectification, There is 
a method for it's adding up the 29th of February 
every fourth year, and allowing only 28 days to 
that month for every. other three : but all this be- 
ing performed by a particular manner of cutting 
the teeth of the Wheels, and dividing the Month- 
Circle, too long and intricate to be deſcribed here, 
| ſhall. only ſhew how theſe motions may be per- 


with grooves and cat-gut ſtrings round them; only 
here | muſt put the Operator in mind, chat the 
grooves are to be made ſharp {not round) bottom 
ed, to keep the ſtrings from ſlipping. | 
The Moon's Axis moves up and down in the 
ſocket N fixed into the bar O (which carries her 
round the Earth) as ſhe riſes above or ſinks below 
the Ecliptic z and immediately below the inclined 
Plane T is a flat circular plate (between I and 7) 
on which the different Excentricities of the Moon's 
Orbit are laid down: and likewiſe her mean Ano- 
maly and elliptic Equation, by which her true, 


Place may be very nearly found at any time. Be- 


low this Apogee plate, which ſhews the Anomaly, 


| r, 8,4 8 S 15 W 3 into 292 equal Pabhts, 


Which 


formed near enough for common uſe, by wheels 
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which are the days of the Moon's age : nd the 
forked end A of the Index A B (Fig. II.) may be 
put into the apogee part of this plate; there be. 
ing juſt ſuch another Index to put into the inclined 
Plane T at the Aſcending Node: and then the 
curved points B of theſe Indexes ſhew the dire4 
Motion of the Apogee, and retrograde Motion of 
the Nodes through the Ecliptic R, with their 
Places in it at any given time. As the Moon M. 
| goes round the Earth E, ſhe ſhews her Place every 
day in the Ecliptic R, and the lower end of her 
Axis ſhews her Latitude and Diſtance from her 
Node on the inclined Plane 7, alſo her Diſtance 
from her Apogee and Perigee, together with her 
mean Anomaly, the then Excentricity of her Or- 
bir, and her elliptic Equation, all on the Apogee 
plate, and the Day of her Age in the Circle 7 of 
292 equal parts; for every day of the year pointed 
out by the Annual Index U in the Circle of months. 
Having rectified the Machine by the Tables for 
the beginning of any year, move the Earth and 
Moon forward by the knob K, until the Annual. 
Index comes to any given day of the month; then 
ſtop, and not only all the above Phenomena may 
be ſhewn for that day, but alſo, by turning the 
Earth round it's Axis, the Declination, Azimuth, 
Amplitude, Altitude of the Moon at any . 
and the Times of her riſing and ſetting, are ſhewn | 

by the Horizon, Quadrant of Altitude, and Hour- 
Index. And in moving the Earth round the Sun, 
the days of all the New and Full Moons and Eclip- 
ſes in any given year are ſhewn. The Phenomena - 
of the Harveſt: Moon, and thoſe of the Tides, by | 
ſuch a cap as that in Plate IX. Fig. 10. put upon 
the Earth and Moon, together with the ſolution of 
many problems not here related, are made Walt 

cuoubs. 

The eaſieſt, hob not the beſt W that I can 
inſtruct any mechanical parſe to make the wheel. 
| work 
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work of ſuch a machine, is as follows: which is 
he way that 1 made ir, before I thought of num- 
hers exact enough to make it worth the trouble 
of cutting teeth in the wheels 


chinez in which ABCD is a frame of wood held, 
rogether by four pillars at the corners, whereof two 
appear At AC and B D. In the lower Plate CD of 
this frame are three ſmall friction- wheels, at equal 
diſtances from each other; two of them appearing 
at e and e. AS the frame is moved round, theſe 
wheels run upon the fixed bottom Plate E E, which 
ſupports the whole work. _ Brees 


A 


[In the center of this laſt-mentioned Plate is fixed 
the upright Axis G F Ff, and on the fame Axis is 
ixed the Wheel H H H, in which are four Grooves, 


A, k, L of different diameters. In theſe Grooves 


Wheels M, N, O and P. . 
The Wheel Mis fixed on a ſolid Spindle or Axis, 
the lower pivot of which turns at in the under 


upper end of this Axis 1s fixed the Plate o (which 


Plate is fixed, at an Angle of 23+ Degrees incli- 
nation ; the Dial- plate below the Earth 7; on the 
Axis of which, the Index q is turned round by the 
Earth, This Axis, together with the Wheel M, 
and Plate oo, keep their Paralleliſm in going round 
the Sun S. * 8 


ſo as it may be occaſionally turned by hand) the 
bar Z Z (viz. the bar O in Fig. 1.) which carries 
tie Moon m round the Earth T, by the ſocket u, 


| Cauſe, on the lower end of her Axis, which is turned 
ward, there is a ſmall friction Wheel s running 
6 * on 


409 


Fig. 3d of Plate VIII. is a ſection of this Ma- pr, ATE 


a VIII. 
1g. III. 


are cat · gut ſtrings going alſo round the ſeparate 


Plate of the moveable frame 4 B C D; and on the 


s P P, under the Earth, in Fig. 1.) and to this 


On the Axis of the Wheel M is a moveable 
ſocket, on which the ſmall Wheel N is fixed, and 
on the upper end of this ſocket is put on tight (but 


red into the bar. As the Moon goes round the 
Earth, her Axis riſes and falls in the ſocket » ; be- 


TY Bat — 


"I 
_— 


— 


— — 


8 —— EO ge Re 
+ 2 aw. tho * 


— c nates, 

* ey — 4 
„ * E ho 
. 


4 3 
Ss 


_— — 
3 8 
. 422 . 


— 
. 


_ =—_ - Pros - 
333 
* 3 


„ 
_ 
_ 


CY 
a. 1 q 


— — 
9 ———— 
=_ 


— — 
—_ = 2 Tom 


_ * * = . 


— * 
ig 


— 

* * p _—_ > 7 - 
— 8 
— 


- 
"ILY 
DEL ES; 


»— 8 
Ti Sz — — 
* 7 
Y 3 xt 


4 The CALCULATOR deſcribed, 


on the inclined Plane X (which is T'in F ig. 1.) and 
ſo cauſes the Moon alternately to riſe above an- 
ſink below the little Ecliptic / (R in Fig, 1.) i 
every Lunation. e 
On the ſocket or hollow axis of the Wheel y 
there is another ſocker, on which the Wheel O 
fixed; and the Moon's inclined Plane & is put 
tightly on the upper end of this ſocket, not on 4 
ſquare, but on a round, that it may be occaſional] 
{ct by hand without wrenching the Wheel or Axle] 
Laſtly, on the hollow Axis of the Wheel 0 is 
another ſocket, on which is fixed the Wheel P, and 
on the upper end of this ſocket is put on tightly 
the Apogee plate Y (that immediately below T in 
Fig. 1.) All thele Axles turn in the upper Plats 
of the moveable frame at 2; which Plate is co- 
yered with the thin Plate cc (ſcrewed to it) where 
on are the fore-mentioned Fables and Month-Ciri 
clein Fig. 1. e | 
The middle part of the thick fixed Wheel HHH 
is much broader than the reſt of it, and comes out 
between the Wheels M and O almoſt to the Wheel 
NV. To adjuſt the diameters of the Grooves of this 
fixed Wheel to the Grooves of the ſeparate Wheel 
M, V, O and P, ſo as they may perform their mo 
tions in the proper times, the following method 
mot he ahſer te!!! 8 
The Groove of the Wheel M, which keeps the 
Paralleliſm of the Earth's Axis, mult be preciſely 
of the ſame Diameter as the lower Groove Jof tie 
fixed Wheel HH; but, when this Groove is [0 
well adjuſted as to ſhew, that in ever ſo many an- 
nual revolutions of the Earth, it's Axis keeps its 
Pafalleliſm, as may be obſerved by the ſolar Ray 
Fig. I.) always coming preciſely to the ſame 
Negrge of the {mall Ecliptic R at the end of every] 
annual revolution, when the Index M points to the 
 bke Degree in the great Ecliptic; then, with the 
edge of a thin File, give the Groove of the VV heel 
a {el rub ali round, and; by that means le 
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ſening; the Diameter of the Groove perhaps about N 
the 20th part of a hair's-breadth, it will cauſe the 0 4 
Earth to ſhew the Preceſſion of the Equinoxes; vl 
which, in many annual revolutions, will begin to ith | 
be ſenſible, as the Earth's Axis deviates ſlowly from | 1 1 


it's Paralleliſm, § 246, towards the antecedent Signs NY 
of the Ecliptic. 105 
The Diameter of the Groove of the Wheel ' 
which carries the Moon round the Earth, muſt be 174 
to the Diameter of the Groove X, as a Lunation i is and 
to a year; that is, as 295 to 365+. f 


The Diameter of the Groove of the Wheel O, p | 
which turns the inclined Plane X with the Moon's 1 
Nodes back ward, muſt be to the Diameter of the | 4 70 
Groove æ, as 20 to 18431. And, 110 

Laſtly, the Diameter of the Ge of the Wheel 1 [ | 
P, which carries the Moon's Apogee forward, muſt Rar 

be to the Diameter of the Groove L, as 70 to 62. 13 
But, after all this nice adjuſtment of the Grooves 5. 10 
to the proportional times of their reſpective Wheels : 7 þ 
| turning round, and which ſeems to promiſe very 415 
well in Theory, there will ſtill be found a nece. 1 0 
ſity of a farther adjuſtment by hand; becauſe pro- 14 


per allowance muſt be made for the Diameters of 
the cat · gut ſtrings: and the Grooves muſt be ſo 
adjuſted by hand, as, that inthe time the Earth is 
moved once round the Sun, the Moon muſt per- 
form 12 ſynodical revolutions round the Earth, and 
be almoſt 11 days old in her 13th revolution. The 
inclined Plane with it's Nodes muſt go once round 
backward through all the Stgns and Degrees of the 
{mall Ecliptic in 18 annual revolutions of the Earth, 
and 225 days over. And the Apogee plate muſt Ty 
go once round forward, ſo as it's Index may go 
over all the Signs and Degrees of the ſmall Eclip- 
tic an eight years (or ſo many annual ehen of 
the Earth) and 312 days over. 

N. B. The ſtring which gore round the Grooves 


X and N for the Moon's Motion muſt croſs be- 
tween theſe wheels; but all-the reſt. M the ſtrings 
12 
i 6 
bs Mos 
8 | 1665 
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go in their reſpective Grooves, IM, & O, and J. p 
- without croſſing. 


rann. chine ſhews the Motion of a Comet or excentrig 
Body moving round the Sun, deſcribing equal arey 
in equal times, $ 152, and may be ſo contrived a 
to ſhew ſuch a Motion for any Degree of Excen. 
_ tricity. It was invented by the late Dr. Des, 
GULIERS. 
PLATE The dark elliptical Groove round the letters 
Fig. IV. a bedefgbiłlm is the Orbit of the Comet Y: this 
Comet is carried round in the Groove, according 
to the order of letters, by the Wire fixed in the 
Sun 5, and flides on the Wire as it approaches 
nearer to or recedes farther from the Sun, being 
neareſt of all in the Perihelion a, and fartheſt in 
the Aphelion g. The areas a Sb, Sc, Sd, &c 
or contents of theſe ſeveral Triangles, are all equal; 
and in every turn of the Winch M the Comet Yis 
. Carried over one of theſe areas : conſequently in as 
much time as it moves from F to g, or from pg to h, 
it moves from m to a, or from à to: b; and ſo of! 
the reſt, being quickeſt of all at a, and lowelt at g. 

Thus, the Comet's velocity in it's Orbit continually 
decicales from the Perihelion à to the Aphelion g; 

and increaſes in the ſame proportion from g to a. 
The elliptic Orbit is divided into 12 equal Parts 
or Signs, with their reſpe&ive Degrees, and ſo is 
the Circle zopgrstn, which repreſents a great 
Circle in the Heavens, and to which the Comets 
motion is referred by a ſmall knob on the point of 

"the wire V/. Whilſt the Comet moves from f tog 
in it's Orbit, it appears to move only about hve 
degrees in this Circle, as is ſhewn by the ſmall knob 
on the end of the Wire 7; but in the like gime, 
as the Comet moves from m to a, or from à to). 
it appears to deſcribe. the large ſpace 1 or 10 in 
the Heavens, either of which ſpaces contains 120 
Degrees, or 3 Signs. Were me Excentriciy 


of it's Orbit greater, the greater ſtill would be the 
aifference of it's Motion, and vice verſa. 
ABCDEFGHIKLMA is a circular Orbit for 
ſewing the equal Motion of a Body round the 
dun §, deſcribing equal Areas ASB, BSC, &c. in 
equal times with thoſe of the Body 7 1n it's elliptical 
Orbit above mentioned; but with this difference, 
that the circular Motion deſcribes the equal Arcs 
4B, BC, &c. in the ſame equal times that the ellip- 
tical Motion deſcribes the unequal Arcs ab, bc, &c. 
Now, ſuppoſe the two Bodies XY and 1 to ſtart 
from the Points @ and A at the ſame moment of 
time, and each having gone round it's reſpective 


Orbit, to arrive at theſe Points again at the ſame 


inſtant, the Body Y will be forwarder in it's Orbit 
than the Body 1 all the way from à to g, and from 
4to G; but 1 will be forwarder than Z through 
all the other half of the Orbit; and the difference 
is equal to the Equation of the Body I in it's Or- 
bit, At the points a, A, and g, G, that is, in the 
Perihelion and Aphelion, they will be equal; and 
then the Equation vaniſhes. This ſhews why the 
Equation of a Body moving 1n an elliptic Orbit, is 
added to the mean or ſuppoſed circular Motion 
from the Perihelion to the Aphelion, and ſub- 
tracted from the Aphelion to the Perihelion, in 
Bodies moving round the Sun, or from the Peri- 
gee to the Apogee, and from the Apogee to the 
Perigee in the Moon's Motion round the Earth, 
according to the Precepts in the 353d Article; 
only we are to conſider, that when Motion is 
turned into Time, it reverſes the titles in the 
Table of The Moon's elliptic Equation. 


der by the machine. ABC is a wooden bar (in Fig. V. 


the box containing the wheel-work) above which 


ae the Wheels D and'Z ; and below it the elliptic 


Plates FF and GG; each Plate being fixed on an 


\xis in one of it's Focuſes, at E and X; and the 
Wheel E is fixed on the ſame Axis with the Plate 


„ 
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This Motion is performed in the following man- PLATE 
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FF. Thele Plates have Grooves round their edge 


: of teeth, the Plate FF, being fixed on the ſamf 
as many turns of the handle N as either of thi 


- oppoſite end i is, mult deſcribe a Circle fo mud 


for that reaſon the end h moves fo much faſter than 


as to B, muſt then lead the long end & of the Plat 
6 as ſlowly about: So that the elliptical Plat 


move very unequally in different parts of it's revo 
| Jation : the difference being always inverſely as thi 
diſtance of any points of the Circumference of 60 
from it's Axis at K; or in other words, to 0 


Point + will move in that poſition four, five, 


The COMBTARIUM deſeribed, 


preciſcly of equal diameters to one another, and i 
theſe Grooves is the cat gut ſtrings g, g croſſ 
between the Plates at hb. On H, (the Axis of thi 
handle or winch IN in Fig. 4th,) is an endleſs ſcre 
in Fig. 5, working in the Wheels D and E, whoſ 
numbers of teeth being equal, and ſhould be equs 

to the number of lincs a8, 5, , &c. ir Fig. oi 
they turn round their Axes in equal times to on- 
another, and to the Motion of the elliptic Pliteg 
For, the Wheels D and Z having equal number 


Axis with the Wheel E, and the Plate F F turning 
the equally big Plate G G by a cat gut ſtring roun 
them both, they muſt all go round their Axes it 


Wheels has teeth. _ 
It is ealy to ſee, that the end h of the elliptic 
Plate FF being farther from it's Axis E than th 


the larger in proportion; and muſt therefore mon 
through ſo much more ſpace in the ſame time; an 


the end i, although it goes no ſooner round thi 
Center E. But then, the quick-moving end hd 
the Plate FF leads about the ſhort end / K of thi 
Plate GG with the ſame velocity; and the io 
moving end i of the Plate F F coming half round 


FF and it's Axis E move uniformly and equal) 
quick in every part of it's revolution; bur tif 
elliptical Plate G G, together with it's Axis X, mu 


ſtance in two points, if the diſtance X & be fol 
five, or ſix times as great as. the, diſtance Kb, M bebe 
OTL 
time 


CY 
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0 has gone half round: and ſo on for any other 
centticity or Difference of the Diſtances K and 


bat of the former, that they can never vary from 
Ine another. 

On the top of the Axis of the equally moving 
Wheel D, in Fig. 5th, is the Sun & in Fig. Ath; 
hich Sun, by the Wire Z fixed to it, carries the 
all 1 round the Circle 4 BC D, &c. with an equa- 


g. ath, carrying the Ball 7 unequally round iu 
he elliprical Groove a sed, &c. N. B. This 
liptical Groove muſt be preciſely equal and ſimi- 


qual to that of FF. 
e true Motion of the Moon about the earth, or 


cal Plates of the ſame Excentricities, in propor- 
on to the Radius, as the Orbits of the Planets are, 
thoſe Motions they repreſent; and fo, their dif- 
rent Equations in different parts of their Orbits 
ay be made plain to ſight ; and clearer Ideas of 


our, than could be gained from reading half a 
ay adout ſuch Motions and Equations. 


hn directly over the North Pole of the Edlipitc, 


 Nand 


\ 


mes as faſt as the Point & does: : When the Plate | 


„ The tooth ? on the Plate FF falls in between 
he two teeth at & on the Plate GG, by which. 
eans the revolution of the latter is fs adjuſted to 


ge Motion, according to the order of the letters: 
nd on the top of the Axis K of the unequally- 
oving Elliples G G, in Fig. 5th, is the Sun & in 


to the verge of the Plate GG, which 1s alto 
In this manner, Machines may be made to ſhew 


any Planet about the Sun; by making the ellip- 


heſe Motions and Equations acquired in half an 


d perpendievlar to that part of the ſurface of tel 
lobe. On this pin are two moveable Collets as? l fl T K 
and * to which are fixed * * Wares; 


415 


401. The e bei CerksTIAL Gab On The im- 
de North Pole of the Axis, above the Hour-Circle, rec. 


? LESTIAL. 


fixed an Arch MK H. of 23 35 Degrees; and at Bros: 
e end N is fixed an upright pin HG, whit 


II. 
8, III. 
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N and O, having two little Balls on their ends fort 
Sun and Moon, as in the Figure. The Collet B; 
fixed to the circular Plate F, whereon the 29: day 
of the Moon's age are engraven, beginning juſ 
under the Sun's Wire N; and as this Wire is move; 
round the Globe, the Plate F turns round with | 
Theſe Wires are eaſily turned, if the ſcrew G b. 
flackened ; and when they are ſet to their proye 
places, the ſcrew ſerves to fix them there ſo, as j 
turning the Ball of the Globe, the Wires with th( 
Sun and Moon go round with it; and theſe tw 
little Balls rife and ſet at the ſame times, and o 
the ſame points of the Horizon, for the day i 
which they are recti fied, as the Sun and Moon de 
in the Heavens. | ol 
Becauſe the Moon keeps not her courſe in thi 
Ecliptic (as the Sun appears to do) but has a De 
clination of 5 degrees on each ſide from it i 
every Lunation, & 317, her Ball may be ſcrewec 
as many Degrees to either ſide of the Ecliptic; 
her Latitude or Declination from the Ecliptic 
amounts to at any given time; and for this put. 
poſe & is a ſmall piece of paſteboard, of which the 
curved edge at & is to be fer upon the Globe all 
right Angles to the Ecliptic, and the dark line over 
S to ſtand upright upon it. From this line, on 
the convex edge, are drawn the 54 Degrees of the 
Moon's Latitude on both ſides of the Ecliptic; 
and when this piece is ſet upright on the Globe 
it's graduated edge reaches to the Moon on the 
Wire O,' by which means ſhe is eaſily adjuſted te 
her Latitude found by an Ephemeris. c 
The Horizon is ſupported by two ſemicircula 
Arches, becauſe Pillars would ſtop the progteſs af 
the Balls when they go below the Horizon in an 
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oblique ſphere, r 
Tuo ted, o reftify this Globe. Elevate the Pole to the 
It, Eatitude of the Place; then bring the.Sun's place 


ia the Ecliptic for the given day to the braſen 
Meridian, and ſet che Hoùr- Index to XII at 00 
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that is, to the upper XII on the Hour- Circle; g 3 
keeping the Globe in that ſituation, ſlacken the 0 
ſcrew C, and ſet the Sun directly over his place on | 
the Meridian ; which done, ſet the Moon's Wire LY: 
under the number that expreſſes her age for that | e 
ay on the Plate F, and ſhe will then ſtand over «3 
her place in the Ecliptic, and ſhew what Conſtel- 15408 
lation ſhe is in. Laſtly, faſten the ſcrew E, and | 
Lying the curved edge of the paſteboard & over 18g 
the Ecliptic below the Moon, adjuſt the Moon to Ah 
her Latitude over the graduated edge of the paſte- 14 1 
board; and the Globe will be rectified. 

Having thus rectified the Globe turn it round, xo, ute, 
and obſerve on what points of the Horizon the 
Sun and Moon Balls riſe and ſet, for theſe agree 
with the points of the Compaſs on which the Sun 
ind Moon riſe and ſet in the Heavens on the given 
day: and the Hour - Index ſhews the times of their 
nling and ſetting; and likewiſe the time of the 
Moon's paſſing over the Meridian, 

The fimple Apparatus ſhews all the varieties 
that can happen in the riſing and ſetting of the 
Sun and Moon; and makes the forementioned 
Phenomena of the Harveſt-Moon (Chap. xvi.) 
plain to the eye. It is alſo very uſeful in reading 
Lectures on the Globes, becauſe a large company 
can ſee this Sun and Moon go round, riſing above 
and ſetting below the Horizon at different times 
according, | to the ſeaſons of the year; and making 
their appulſes to different fixed Stars. Burt in the 
uſual way, where there is only the places of the 
Sun and Moon in the Ecliptic to keep the eye 


upon, they are eaſily loſt ſight of, unleſs they be 
covered with patches, ; 
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402. The Nawe Gin, In this Ma- The pra- 
chine, 7 is a terreſtrial Globe fixed on it's Axis + Shao 
ſtanding upright on the Pedeſtal C D E, on which . vill, 
8 an Hour-Circle,. having it's Index Ghed on the Fis-1V+ 
Axis, which turns ſomewhat tightly in the Rs 
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ſo that the Globe may not be liable to ſhake; t 


on a ſhoulder, The Globe is hung in a graduated 
braſen Meridian, much in the uſual way; and the 
thin Plate N, NE, E is a moveable Horizon, gu 


nets. The braſen Meridian is grooved round the 
outer edge; and in this Groove is a ſlender {emit 


middle of the ſemi-circle is fixed a Pin, which al: 
ways keeps in the Zenith of the Horizon, and on 


tic, on the outer edge of which the Signs and De- 


towards it's Center. On this Plate are ſeven 


_ fliding Wires, ſo that they are eaſily moved in the 
the next the Sun, then Mars, then Jupiter, and 


| ſupported by four ſtrong Wires, having their lone 


| inclined 235 Degrees to the Pedeſtal, and is there 


The PL AN zTarny GLong deſcribed. 


prevent which, the Pedeſtal is about two Inches 
thick, and the Axis goes quite through it, bearing 


duated round the outer edge, for ſhewing the Beat. 
ings and Amplitudes of the Sun, Moon, and Pl; 


circle of braſs, the ends of which are fixed to the 
Horizon in its North and South Points: this ſemi 
circle {lides in the Groove as the Horizon is moved 
in rectifying it for different Latitudes. To th 


this Pin, the Quadrant of Altitude 4 turns; the 
lower end of which, in all poſitions, touches th 
Horizon as it is moved round the ſame, This 
Quadrant is divided into go Degrees from the Ho 
rizon to the zenithal Pin on which it is turned, at 
90. The great flat Circle or Plate B is the Eclip- 


grees are laid down; and every fifth Degree ii 
drawn through the reſt of the ſurface of this Plate 


Grooves, to which ſeven little Balls are adjuſted by 


Grooves, without danger of ſtarting out of them. 
The Ball next the terreſtrial Globe is the Moon, 
the next without it is Mercury, the next Venus, 


laſtly Saturn; and in order to know them, they 
are ſeparately ſtampt with the following Character; 
, , 2, , &, , h. This Plate or Ecliptic 


ends fixed into the Pedeſtal, at C, D, and E, tt 
fourth being hid by the Globe. The Ecliptic 


fole 


* 


The Planetary GroRE deſcribed, 


fore properly inclined to the Axis of the Globe 
which ſtands upright on the Pedeſtal, 

To rectiſy this Machine. Set the Sun, and all the 
planetary Balls, to their geocentric places in the 
Ecliptic for any given time, by an Ephemeris : 
then ſet the North Point of the Horizon to the 
Latitude of your place on the braſen Meridian, 
and the Quadrant of Altitude to the South Point 
of the Horizon ; which done, turn the Globe with 
it's Furniture till the Quadrant of Altitude comes 
tight againſt the Sun, viz. to his place in the Eclip- 
tic; and keeping it there, ſet the Hour Index to 
the XII next the letter Cz, and the Machine will 


find out, 


PROBLEM I. 


times of riſing, culminating, and ſetting, of the 
Sun, Moon, and Planets. x | 


to the order of Signs; and as the eaſtern edge of 
the Horizon comes right againſt the Sun, Moon, 


of it's riſing ; and the inner edge of the Ecliptic 
will cut it's riſing Amplitude in the. Horizon. 
Turn on, and as the Quadrant of Altitude comes 
git againſt the Sun, Moon or Planets, the Eclip- 
ic cuts their meridian Altitudes in the Quadrant, 
and the Hour-Index ſhews the times of their com- 


the times of their ſetting are ſhewn by the Index 
JJ oor OE 
JJ PRO- 


9 


„ 


be rectified, not only for the following Problems, 
hut for ſeveral others, which the Artiſt may eaſily 


To fnd the Am plitudes, Meridian Altitudes, and 


or any Planet, the Hour-Index will ſhew the time 


ing to the Meridian. Continue turning, and as 
the weſtern edge of the Horizon comes right againſt 
the Sun, Moon, or Planets, their ſetting Ampli- 
tudes are cut in the Horizon by the Ecliptic; and 


a 


Turn the Globe round eaſtward, or according tt: ue. 
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Ecliptic will cut the Planet's mean Altitude on thi 


difference between which, and the bearing ſhev 
by the Azimuth Compaſs, ſhews the Variation 


The Ts A- 
 JECTORI- 

um Lu» 

NARE, 


B. be Sun's Altitude being given at any time either lf 


'T be PLan ETARY GLOBE deſcribed. 


PROBLEM I. 


To find the Altitude and Azimuth of the Sun, My 
and Planets, at any time of their being above il 
Horizon. = 


Turn the Globe till the Index comes to th 
given time in the Hour-Circle; then keep th 
Globe ſteady, and moving the Quadrant of Alt 
tude to each Planet reſpectively, the edge of t 


Quadrant, and the Quadrant will cut the Planet 
Azimuth, or Point of bearing on the Horizon, 


PROBLEM III. 


fore or after Noon, to find the Hour of the Dy 
and the Variation of the Compaſs, in any kno 


With one hand hold the edge of the Quadra 
right againſt the Sun; and, with the other hand 
turn the Globe weſtward, if it be in the forenoon 
or eaſtward if it be in the afternoon, until ti 
'Sun's place at the inner edge of the Ecliptic cu 
the Quadrant in the Sun's obſerved Altitude; a 
then the Hour-Index will point out the time0 
the day, and the Quadrant will cut the true Al 
muth, or Bearing of the Sun for that time: ti 


the Compaſs in that place of the Earth. 


f 403. The TaAIECTORIUU Luwars. This Mi 
chine is for delineating the Paths of the Earth at 
Moon, ſhewing what ſort of Curves they make! 


the ethereal regions; and was juſt mentioned 


The TRAJECTORIUM Luxazr deſcribed. 


her 3 every Inch anſwering to a Million of Miles, 
Wh M is the Moon, whoſe Center is , parts 


tom "the Earth, $ 52. A A is a Bar of Wood, to 
he moved by hand round the Axis g which is fixed 
1 the Wheel 2. The Circumference of this 
heel is to the Circnmference of the ſmall Wheel 
(below the other end of the Bar) as 365% days 
600 292; or as a Year is to a Lunation. The 


rooves is the cat. gut ſtring G G croſſing between 
the Wheels at X. On the Axis of the Wheel L 
is the Index , in which is fixed the Moon's Axis 


the Axis of the Wheel L) in the time that the In- 


Limb; and in the Bar A A is fixed the Index I, 


Index F, in the Circle of 294 equal parts at the 
other end of the Bar. On the Axis of the Wheel 
Lis put the piece D, below the Cock C, in which 


cils e and m, directly under the Earth E and Moon 
M; ſo that mz is carried round e, as Mis round E. 


fan Inch from the Earth's in this Machine, this 
deing in juſt proportion to the Moon's diſtance 


Wheels are grooved round their edges, and in the 


M for carrying her round the Earth E (fixed on 
dex goes round a Circle of 297 equal parts, ' which 
are the days of the Moon's age. The Wheel Y 
has the Months and Days of the year all round it's 


which points out the Days of the Months anſwer- 
ing to the Days of the Moon's age, ſhewn by the 


this Axis turns round; and in D are put the Pen- 


421 


be 266th Article. & is the Sun, and E the Earth, PLATE 
hoſe Centers are 81 Inches diſtant from each pig. v. 


Lay the Machine on an even Floor, preſſing gently jv, Fw 


on Ts Wheel Z, to cauſe it's ſpiked Feet (of which 


two appear at P and P, the third being ſuppoſed 


to be hid from ſight by the Wheel) enter a little 
into the Floor to ſecure the Wheel from turning. 


Then lay a paper about four feet long under the 
Pencils e and m, croſs-wiſe to the Bar: which done, 


move the Bar ſlowly round the Axis g of the Wheel 


Y; and, as the Earth E goes round the Sun S, the 


Moon M will go mans the Earth with a duly pro- 


1 On portioned 
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422 The T1vz-Diat. deſeribed. 


portioned velocity; and the friction Wheel uu 
ning on the Floor, will keep the Bar from bearing 
too heavily on the Pencils e and m, which will des 
Jineate the Paths of the Earth and Moon, as in 
Fig. 2d, already deſcribed at large, $ 266, 267, 
As the Index I points out the Days of the Months 
the Index F ſhews the Moon's age on theſe Days, 
in the Circle of 294+ equal parts. And as this lat 
Index points to the different Days in it's Circle 
the like numeral Figures may be ſet to thoſe parts 
of the Curves of the Earth's Path and Moon's, 
where the Pencils e and m are at thoſe times re. 
ſpectively, to ſhew the places of the Earth and 
Moon. It the Pencil e be puſhed a very little of 
as if from the Pencil n, to about 2 part of their 
diſtance, and the Pencil n puſhed as much towards 
e, to bring them to the fame diſtances again, though 
not to the ſame points of ſpace ; then, as m goes 
round e, e will go as it were round the Center of 
Sravity between the Earth e and Moon m, F 298: 
but this Motion will not ſenſibly alter the Figure 
of the Earth's Path or the Moon's. "1 
If a Pin, as p, be put through the Pencil, m with | 
it's head towards that of the Pin 9 in the Pencil e, 
it's head will always keep thereto as m goes round 
e, Or as the ſame fide of the Moon is ſtill obverted 
to the Earth. But the Pin p, which may be con. 
ſidered as an equatorial Diameter of the Moon, 
will turn quite round the Point m, making all pol: | 
ſible Angles with the Line of it's Progreſs, or Line 
of the Moon's Path. This is an ocular proof of 
the Moon's turning round her Axis. 


OST 404. The Tipez-Diat. The outſide parts of 
Piat. this Machine conſiſt of, 1. An eight ſided Box, on 
% pLare the top of which at the corners is fhewn the Phaſes 
Ik. of the Moon at the Octants, Quarters, and Full. 
P's, VE Within theſe is a Circle of 29 equal parts, which | 
are the days of the Moon's age accounted from the 

| Sun at New Moan, round to the Sun again. mom 

| 2 ſy 


The Tipr-DTA＋ deſcribed. 


is Circle is one of 24 hours divided into their re- 
ſoective Halves and Quarters. 2. A moving el- 
Jiptical Plate, painted blue, to repreſent the riſing 
of the Tides under and oppoſite to the Moon; 
and has the words, High Water, Tide falling, Low 
Vater, Tide riſing, marked upon it. To one end 
of this Plate is fixed the Moon M by the Wire V, 
and goes along with it. 3. Above this elliptical 
Plate is a round one, with the points of the Gas ; 
pals upon it, and alſo the names of above 200 places 
in the large Machine (but only 32 in the Figure, 
to avoid confulion) ſet over thoſe Points on which 
the Moon bears when ſhe raiſes the Tides to the 


day: and to the North and South Points ef this 
Plate are fixed two Indexes I and K, which ſhew the 
times of High Water, in the Hour. Circle, at all 
theſe places. 4. Below the elliptical Plate are four 
mall Plates, two of which project out from below 
its ends at New and Full Moon; and fo, by length- 
ening the Ellipſe, ſhew the Spring Tides, which 
are then raiſed to the greateſt heights by the united 


other two of theſe ſmall Plates appear at low water 
when the Moon is in her Quadratures, or at the 
ſides of the elliptic Plate, to ſnew the Neap-Tides; 
the Sun and Moon then acting croſs- wiſe to each 
other. When any two of theſe imall Plates appear, 


her Octants, they all diſappear, there being neither 
Spring nor Neap Tides at thoſe times. Within 
the Box are a few Wheels for performing theſe 
Motions by the Handle or Winch H. 80 
Turn the Handle until the Moon M comes to 
any given day of her age in the Circle of 294 equal 


parts, and the Moon's Wire will cut the time 
of her coming to the Meridian on that day, in the 
Hour- Circle; the XII under the Sun being Mid- 


day, and the oppoſite XII midnight: then looking 


tor the name of any given place on the round Plate 


N (which 


greateſt heights at theſe Places twice in every lunar 


attractions of the Sun and Moon, & 302. The1t's use. 
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the other two are hid; and when the Moon is in 
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makes only one revolution from the Sun to the 


ſite High- Water Mark, and the Index will ſhew! 


come to the Low- Water Marks, the Indexes ſhew 


The inſide 


Work de- 


Index which falls among the Forenoon Hours vil 


Indexes ſhew the times of High Water at them in 


below the High- Water Marks on the elliptical 
Plate, to ſhew that the Tides riſe ſtill higher about 


round in 24 revolutions of the Handle: this Wheel 


- Wheel L K/of59 teeth round in 29 + turnings ot 
© .rofations of the Wheel FE D, or in 708 revolu- 


The'T1pz-Dzar deſcribed. 
(which makes 294 rotations whilſt the Moon 1/ 


Sun again) turn the Handle till ht place comes 
to the word High Water under the Moon, and the 


ſnew the time of High Water at that place in the 
Forenoon of the given day: then turn the Plate 
half round, till the ſame place comes to the oppo. 


the time of High Water 1n the Afternoon art thar 
place. And thus, as all the different places come 
ſucceſſively under and oppoſite to the Moon, the 


both parts of the day: and when the ſame places 


the times of Low Water, For about three days 
before and after the times of New and Full Moon, 
the two {mall Plates come out a. little way from 


theſe times: and about the Quarters, the other two 
Plates come out a little from under the Low- 
Water Marks towards the Sun and on the oppoſite 
ſide, ſhewing that the Fides of Flood riſe not then 
ſo high, nor do the Tides of Ebb fall fo low, as at 
other times. . | 
By pulling the Handle a little way outward, it 
15 diſengaged from the Wheel-work, and then the 
upper Plate may be turned round quickly by hand 
ſo, as the Moon may be brought to any given day 
of her age in about a quarter of a minute: and by 
puſhing in the Handle, it takes hold of the Wheel. 
W 8 
Oo AB, the Axis of the Handle H, is an endlels 
Screw C, which turns the Wheel FED of 24 teeth 


turns another ONG of 48 tceth, and on it's Axis 


is the Pinion PQ of four leaves, which turns the 


_ * tions 


The DiAIL-PlATE deſcribed. 


Plate with the names of Places upon it is fixed on 
the Axis of the Wheel FE D; and the Elliptical 


the Axis of the Wheel L XI; conſequently, the 
former makes 294 revolutions in the time that the 
latter makes one. The whole Wheel FED, 


Axis of the Handle A B, together with the dotted 
part of the Wheel O NG, lie hid below the large 
Wheel LK I. ; | 5 
| Fig. IX th repreſents the under fide of the Ellip- 
tical or Tide-Plate a bc d, with the four {mall Plates 
AB CD, EFG H, IK LM. NOP2 upon it: each 
of which has two ſlits, as TT, SS, RR, U, fliding 
on two Pins, as 2 fixed in the elliptical Plate. 
[In the four ſmall Plates are fixed four Pins, at 
W, A, J, and EZ; all of which work in an elliptic 
Groove 0000 on the cover of the Box below the 
elliptical Plate; the longeſt Axis of this Groove 
being in a right line with the Sun and Full Moon. 
Conſequently, when the Moon is in Conjunction 
or Oppoſition, the Pins and & thruſt out the 


whilſt the Pins 7 and Z draw in the Plates E FG H 
and NO P Q quite under the elliptic Plate to g and 
b. But, when the Moon comes to her firſt or third 
Quarter, the elliptic Plate lies acroſs the fixed elliptic 
Groove in which the Pins work; and therefore the 


low the great Plate, and the other two- Plates 
EFGH and VO P are thruſt out beyond it to 


Pins J, X, Z, Z are in the parts 0, 0, o, 0 of the 
the greateſt and leaſt diffances from the Center g, 


and then all the four ſmall Plates diſappear below 
the great one. . 2165 


gons of the Handle, which is the number of Hours 
in a ſynodical revolution of the Moon. The round 


or Tide-Plate with the Moon fixed to it is upon 


with the endleſs Screw C, and dotted part of the 


Plates ABCD and IKLM a little beyond the 
ends of the elliptic Plate at 4 and &, to F and e; 


end Plates ABCD and IK LM are drawn in be- 


4 and c. When the Moon is in her Octants, the 


elliptic Groove, which parts are at a mean between 


405. The 
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TheEctir- - 40s, The Ecxips AR EON. This Piece of Mes 


SAREON, 
PL, XIII. : 


Handle or Winch M; the Axis B inclines 24: 


_  Hour-Circle D in each rotation of the Globe. 2. 
A circular Plate E, on the Limb of which the 


Plate ſupports the Globe, and gives it's Axis the 
ſame poſition to the Sun, or to a Candle properly 
placed, that the Earth's Axis has to the Sun upon 


Pointer, or Annual-Index G. 3. A crooked Wire 
F, which points toward the middle of the Earth's 
_ enlightened Diſc at all times, and ſhews to what 


Circles, which repreſent a Section of the Moon's 


Globe; ſo that the ſhadow of this Plate, formed 
buy the Sun, or a Candle placed at a convenient diſ. 
tance, with it's Rays tranſmitted through a convex 
Lens to make them fall parallel on the Globe, 


Moon's Shadow and Penumbra do on the Earth: 
ſo that the Phenomena of any ſolar Eclipſe may be 
ſhewn by this Machine with Candle-light almoſt as 
well as by the light of the Sun. 5. An upright 


of the Moon's Latitude or Declination from the 


Center to the Moon's Latitude, as it is North ef 


and Progrefs of ſolar Eclipſes, at all Parts of the 
Earth. Eh 
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chaniſm exhibits, the Time, Quantity, Duration, 
The principal parts of this Machine are, 1. A 
terreſtrial Globe A turned round it's Axis B by the 


Degrees, and has an Index which goes round the 


Months and Days of the year are inſerted. Thi 


any day of the year, § 338, by turning the Plate 
till the given Pay of the Month comes to the fixed 


place of the Earth the Sun is vertical at any given} 
time. 4. A Penumbra, or thin circular Plate of 
brais 7 divided into 12 Digits by 12 concentric 


Penumbra, and is proportioned to the ſize of the 
covers exactly all thoſe places upon it that the 


frame HH HH, on the ſides of which are Scales 


Ecliptic. To theſe Scales are fitted two Sliders k 
and K, with Indexes for adjuſting the Penumbras 


South Aſcending or Deſcending, 6. A ſolar Ho- 


rizon C, dividing the enlightened Hemiſphere 
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the Globe from that which is in the dark at any 
given time, and ſhewing at what places the general 
Eclipſe begins and ends with the riſing or ſetting 
Sun. 7. A Handle M, which turns the Globe 
round it's Axis by wheel work, and at the ſame time 
moves the Penumbra acroſs the frame by threads 
over the Pulleys L, L, L, with a velocity duly pro- 
portioned to that of the Moon's ſhadow over the 


the Moon's Motion is quicker or ſlower, according 
to her different diſtances from the Earth, the pe- 


by changing one of the Pulleys. 


Scales (which are on the ſide of the frame hid from 


no Eclipſe of the Sun at that Conjunction; but if 
it does not, the Sun will be eclipſed to fome places 
of the Earth; and, to ſhew the times and various 
appearances of the Ecliple at thoſe places, proceed 
in order as follows. A 1 

To reftify the Machine for performing by the Light 
of the Sun. 1. Move the Sliders K K till their In- 
dexes point to the Moon's Latitude on the Scales, 


as it is North or South Aſcending or Deſcending, at 
that time. 2. Turn the Month-Plate E till the 


day of the given New Moon comes to the Annual- 


Index G. 3. Unſcrew the Collar Na little on the 


Axis of the Handle, to looſen the contiguous Socket 
on which the threads that move the Penumbra are 


wound ; and ſet the Penumbra by Hand till it's 
Center comes to the perpendicular thread in the 


middle of the frame; which thread repreſents the 
Axis of the Ecliptic. 4. Turn the Handle till the 


Meridian of London on the Globe comes juſt under 


the point of the crooked Wire F; then ſtop, and 


turn the Hour-Cirele D by Hand till XII at Noon 
sommes 


Farth, as the Earth turns on it's Axis. And as 


numbral Motion is eaſily regulated in the Machine 


view in the Figure of the Machine) there can be 


427 


To reftify the Machine for uſe. The true time of To teaity 
New Moon and her Latitude being known by the“ 
foregoing Precepts, & 353, et /eq. if her Latitude 
exceeds the number of minutes or diviſions on the 
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comes to it's Index, and ſet the Penumbra's middle 
to the thread. 3. Turn the handle till the Hour. 

Index points to the time of New Moon in the Circle 
D; and holding it there, ſcrew faſt the Collar M. 
Laſtly, elevate the Machine till the Sun ſhines 
through the Sight- Holes in the ſmall upright Plates 
O, O on the Pedeſtal; and the whole Machine will 
be rectified. „5 

To rettify the Machine for ſpewing by Candle. lt. 
Proceed in every reſpect as above, except in that 
part of the laſt paragraph where the Sun is men- 
tioned; inſtead of which place a Candle before the 
Machine, about four yards from it, fo as the ſhadoy 
of Interſection of the croſs threads in the middle 
of the frame may fall preciſely on that part of the 

Globe to which the crooked Wire F points: then, 

with a pair of Compaſſes, take the diſtance be- 

tween the Penumbra's Center and Interſection of 
the threads; and equal to that diſtance ſet the Can- 

dle higher or lower, as the Penumbra's Center is 
above or below the ſaid Interſection. Laſtly, place 

a Jarge convex Lens between the Machine and 
Candle, ſo as the Candle may be in the Focus of 
the Lens, and then the Rays will fall parallel, and 
caſt a ſtrong light on the Globe. 

n's uſe. Theſe things done, which may. be ſooner than 
expreſſed, turn the Handle backward, until the 
Penumbra almoſt touches the ſide HF of the frame; 
then turning it gradually forward, obſerve the fol- 
lowing Phenomena, 1. Where the eaſtern edge of 
the Shadow of the penumbral Plate 7 firſt touches 

the Globe at the ſolar Horizon, thoſe who inhabit 
the correſponding part of the Earth ſee the Eclipic 
begin on the uppermoſt edge of the Sun, juſt at 
the time of. it's riſing. 2. In that place where the 
Penumbra's Center firſt touches the Globe, the in- 
habitants have the Sun riſing upon them centrally 
eclipſed. 3. When the whole Penumbra juſt falls 
upon the Globe, it's weſtern edge at the ſolar Ho- 
rizon touches and leaves the place where the 1 
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ends at Sun-riſe on his lowermoſt edge. Continue 
turning, and 4. the croſs lines in the Center of the 
| Penumbra will go over all thoſe places on the 
Globe where the Sun 1s centrally eclipſed, 5. 


place of the Globe, the Eclipſe begins there; 
when the vertical line in the Penumbra comes to 
any place, then is the greateſt obſcuration at that 
place; and when the weſtern edge of the Penum- 
bra leaves the place, the eclipſe ends. there; the 
times of all which are ſhewn on the Hour-Circle , 
and from the beginning to the end, the Shadows 
of the concentric penumbral Circles ſhew the num- 


b. When the eaſtern edge of the Penumbra leaves 
the Globe at the ſolar Horizon C, the inhabitants 
ſee the Sun beginning to be eclipied on his lower- 
molt edge at it's ſetting. 7. Where the Penumbra's 
Center leaves the Globe, the inhabitants ſee the Sun 


inhabitants ſee the Eclipſe ending on the upper- 


appearing in the Horizon. 


N. B. If any given day of the year on the Plate 
E be ſet to the Annual-Index G, and the Handle 
turned till the Meridian of any place comes under 


Circle D ſet by the hand till XII comes to it's 
Index; in turning the Globe round by the Handle, 
when the faid place touches the eaſtern edge of 


place is juſt coming out from below the other edge 


of the Hoop C, the Index ſhews the time when 


the evening Twilight ends to it. When the place 


has gone through the dark part A, and comes about 
lo as to touch under the back of the Hoop C, on 


When the eaſtern edge of the Shadow touches any 


bers of Digits eclipſed at all the intermediate times. 


ſet centrally eclipſed. And laſtly, where the Pe- 
numbra is wholly departing from the Globe, the 


moſt part of the Sun's edge, at the time of it's diſ- 
the point of the crooked Wire, and then the Hour- 


the Hoop or ſolar Horizon C, the Index ſhews the 
time of Sun-ſetting at that place; and when the 
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year: and the point of the crooked Wire F ſheyy 
all the places over which the Sun paſſes vertically 
on that day. ps 
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the other ſide, the Index ſhews the time when the 
Morning Twilight begins; and when the ſame 
place is juſt coming out from below the edge of 
the Hoop next the frame, the Index points out 
the time of Sun-riſing. And thus, the times of 
Sun-riſing and ſetting are ſhewn at all places in one 
rotation of the Globe, for any given day of the 
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The DISTANCES of all the PLANETS 


from the SUN, 
„ H E 
TRANSIT of VENUS over the SUN'*'s 
5 DISC, in the Year 1761. 
| To which is ſubjoined, F 
An Account of Mr. HORRO X's Obſervations" of 
the TRANSIT of VENUS in the Year 1639. 
AND ALSO, 
Of the DISTANCES of all the PLANETS from the 


SUN, as deduced from OBSERVATIONS of the 
TRANSIT in the Year 1761. 
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ſhe DISTANCES of the PLANETS 
from the SUN. 
CHAPTER XXIII. 
ASTI1CELE:.4 

Concerning parallaxes, and their uſe in general. 
I, HE“ approaching tranſit of Venus over 
the Sun has juſtly engaged the atten- 
tion of Aſtronomers, as it is a pheno- 
wenon ſeldom ſeen, and, as the parallaxes of the 
dun and planets, and their diſtances from one ano- 
ther, may be found with greater accuracy by it, 
than by any other method yet known. 

2. The parallax of the Sun, Moon, or any planet, 


is the diſtance between it's true and apparent place 
in the heaven. The true place of any celeſtial ob- 


it would appear if ſeen from the center of the 
Earth; the apparent place, is that in which it ap- 
pears as ſeen from the Earth's ſurface. 


of Plate XIV.), C it's center, M the Moon, and 


Moon M will appear at U, which is her true place 


JJC. ͤ OTTIRCE D023 64 1 6 
* The whole of this Diſſertation was,publiſhed.in the begin- 


ning of the year 1761, before the time of the Tranſit, except 
tie 7th and $th Articles, which are added ſince that time. 


3 inne e nenen enn ; * F 
Ff referred 


4; 
U 

, #8744 
”s 

194 

* 3 þ 

77 3 

p 44 | it 

1940 

5 \ *; 1 

7 9 

1 * 

4 g 
n 
bog. 
vu 7 

4 10 * 
* 44 

1K. 


ject, referred to the ſtarry heaven, is that in which 


To explain this, let AB D H be the Earth (Fig. 1. 


ZAR an arc of the ſtarry heaven. To an obſerver 
at C (ſuppoſing the Earth to be tranſparent) the 
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referred to the ſtarry Srmament : : but at the fm 
inſtant, to an obſerver at A ſhe will appear at y 
below her true place as among the ſtars.— Te 
angle AMC 1s called the Moon S parallax, andi 
equal to the oppoſite angle U Mu, whoſe meafurd 
is the celeſtial arc U 4.— The whole Earth is but 
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pet point if compared with it's diſtance from the fixed tal | 
1 ſtars, and therefore we conlider the ſtars as having F 
| no parallax at all. 8 
3. The nearer the object. is to "the horizon, the 
greater is it's parallax; the nearer it is to the 25 A 
nitb, the leſs. In the horizon it is greateſt of i hi 
in the zenith it is nothing.—Thus let AL be * MF 
| ſenſible horizon of an obſerver at A; to him H Mo 
Moon at I is in the horizon, and her parallax is ti 59. 
angle ALC, under which the Earth's ſemidiameteriY mil 
AC appears as ſeen from her. This angle is calle giv 
the Moon's horizontal parallax, and is equal to chef the 
oppolite angle T LI, whoſe meaſure is the arc Tj : 
in the ſtarry. heaven. As the Moon riſes hiohcif tal 
and higher to the points M, N, O, P in her diu. {er 
nal courſe, the parallactic angles U Mu, X N»M inc 
YOy diminiſh, and ſo do the arcs Ju, Ax, 11 av 
which are their meaſures, until the Moon comes wi iph 
P; and then ſhe appears in the zenith Z without ap; 
any parallax, her place being the ſame as ſeen from tha 
T7 the Earth's ſurface, and from C it's center, to 
If the obſerver at A could take the true mes ai 
fine or quantity of the parallactic angle AL C, he 0 
might thereby find the Moon's diſtance from the in 
center of the Earth. For then, in the plain tri | 
angle LAC, the fide AC, which is the Earth me 
-ſemidiameter, theangle ALC, which is the Moon' ot] 
horizontal parallax, and the right angle C mn WW 
would be given. Therefore, by trigonometry, A] el 
the tangent of the parallaQic angle AL C is io n.8 
dius, ſo is the Earth's ſemidiameter AC to the ta 
| Moon's diſtance C L from the Earth's center ou mi 
But becauſe we conſider the Earth's ſemidiameter Wl 8 
IN 


| unity, and the logarithm of unity is nothing, 4 
tra. 


of the Planets from the Sun. 


tract the logarithmic tangent of the angle 4 LC 
from radius, and the remainder will be the loga- 
chm of CL, whoſe number is equal to the num- 
her of ſemidiameters of the Earth by which the 
Moon is diſtant from the Earth's center.-Thus 
ſuppoſing the angle AL C of the Moon's horizon- 
tal parallax to be 57' 18“. 

From the radius — — — 10.,00C0000 
Subtract the tangent of 57 18% 8. 2219207 


—— 


CCC 


And there will remain — — 1. . 77807935 
which is the logarithm of 59.99, the number of ſe< 
midiameters of the Earth which are equal to the 


59.99 being multiplied by 3985; the number of 
miles contained in the Earth's ſemidiameter, will 


the center of the Earth, by this parallax, 
But the true quantity of the Moon's horizon- 
tal parallax cannot be accurately determined by ob- 


inconſtancy of the horizontal refractions, which 
always vary according to the ſtate of the atmo- 


apparent place near the horizon half as much more 
than as her parallax depreſſeth it. And therefore, 
to have her parallax more accurate, Aſtronomers 
have thought of the following method, which ſeems 
to be a very good one, but hath not yer been put 
in practice. 


meridian, one in the northern hemiſphere, and the 


other, that the arc of the celeſtial meridian in- 
cluded between their two zeniths may be at leaſt 
do or go degrees. Let each obſerver take the diſ- 
tance of the Moon's center from his zenith, by 
means of an exceeding good inſtrument, at the 
moment of her paſſing the meridian : add theſe 
two zenith- diſtanges of the Moon together, and 
F 4 2 | their 


Moon's diſtance from the Earth's center. Then, 


give 239060 miles for the Moon's diſtance from 


ſerving the Moon in the horizon, on account of the \ 


ſphere ; and, at a mean rate, elevate the Moon's 


Let two obſervers be placed under the ſame 


other in the ſouthern, at ſuch a diſtance from each 
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their exceſs above the diſtance between the ty 
zeniths will be the diftance between the two 3 
parent places of the Moon. Then, as the ſum e 
the natural fines of the two zenith-diftances of o 
Moon is to radius, fo is the diſtance between ho 
two apparent places to her horizontal parallax 
which being found, her diſtance from the Earth! 
center may be found by the analogy mentioned 
d 4. 2 DE 5 
Thus, in Fig. 2. let E CA be the Earth, Mi 
Moon, and Z baz an arc of the celeſtial meridian 
Let be Vienna, whoſe latitude EV is 48® 20' north 
and C the Cape of Good Hope, whoſe latitude EC 
34 30 ſouth: both which latitudes we ſuppoſe tq 
be accurately determined before-hand by the ok 
ſervers. As theſe two places are on the fame me 
ridian 1 E Cs, and in different hemiſpheres, the 
ſum of their latitudes 822 60 is their diſtance'from 
each other. EZ is the zenith of Vienna, and 2 the 
zenith of the Cape of Good Hope; which two zeniths 
ate alſo 82 507 diſtant from each other, in the 
common celeſtialymeridianZ 2. To the obſerver 
at Vienna, the Moon's center will appear at 2in 
the celeſtial meridian; and at the ſame inſtant, tg 
the obſerver at the Cape, it will appear at b. Now 
ſuppoſe the Moon's diſtance Z à from the zenith 


of Vienna to be 380 1 53”; and her diſtance 2 


from the zenith of the Cape of Good Hope to be 4 
4 41“: the ſum of theſe two zenith. diſtanceg 
(Za +26) is 84 & 34”, from which ſutra 
82 50”, the diſtance Z x between the zeniths 0 
theſe two places, and there will remain 41® 16 34] 
for the arc $4, or diſtance between the two apps 
rent places of the Moon's center, as ſeen from / and 
from C. Then, ſuppoſing the tabular radius to d. 
ooo, the natural fine of 380 10 53” (the a0 
7 4) is 61608 16, and the natural ſine of 400 4 
41 (the arc 28) is 7262821 : the ſum of both the 


ſines is 13363637. Say therefore, As 1336309] 
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to 10000000, ſo is 15 16 34”, to 57” 18 which qt 
b the Moon's horizontal parallax. * 
If the two places of obſervation be not exactly 0 
oder the fame meridian, their difference of longi- : «1 
de muſt be accurately taken, that proper allow- 1 
ance may be made for the Moon's declination whilſt wy 
e is paſſing from the meridian of the one to the 4 
neridian of the other. 110 
6, The Earth's diameter, as ſeen from the Moon, Eo ih. 
ubtends an angle of double the Moon's horizontal i 
parallax ; which being ſuppoſed (as above) to be bal 
7 18“, or 3438”, the Earth's diameter muſt be 1 
I* 54 36”, or 6876“. When the Moon's hori- 1 
pantal parallax (which is variable on account of W 
the excentricity of her orbit) is 57” 18”, her dia- bf 
eter ſubtends an angle 31 2“, or 1862” : there- 75 
fore the Earth's diameter is to the Moon's diame- in 
ter, as 6876 is to 1862; that is, as 3.69 is to 1. PI 
And ſince the relative bulks of ſpherical bodies - 
re as the cubes of their diameters, the Earth's — 
| a - | hl 
bulk is to the Moon's bulk, as 49.4 is to . Wh 
7. The parallax, and conſequently the diſtance " 
and bulk, of any primary planet, might be found 1 
in the above manner, if the planet was near enough * 
o the Earth, ſo as to make the difference of it's oi 
two apparent places ſufficiently ſenſible : but the ö 
eareſt planet is too remote for the accuracy re- fi 
quired, In order therefore to determine the diſ- i 
tances and relative bulés of the planets with any Io 
tolerable degree of preciſion, we mult have recourſe 8 
to à method leſs liable to error: and this, the ap- x 
proaching tranſit of Venus over the Sun's diſc will 1 
mod gag reed . e In 
8. From the time of any inferior conjunction of itt 
the Sun and Venys to the. next, is 583 days 22 Wis | 
hours 7 minutes. And, if the plane of Venus's 1/4 


Orbit were coincident with the plane.of the ecliptic, | 
he would paſs directly between the Earth and the 
Sun at each inferior conjunction, and would then 
*ppear like a dark round ſpot on the Sun for about 
ES 4 & . 
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7 hours and 3 quarters. But Venus's orbit (like 


the Moon's) only interſects the ecliptic in two o } 
poſite points, called it's Nodes. And therefore ond IC 
half of it is on the north ſide of the ecliptic, au end! 
the other on the ſouth : on which account, Ven st, 
can never be ſeen on the Sun, but at thoſe inferi in bc 
conjunctions which happen in or near the nodes 4 
her orbit. At all the other conjunctions, ſhe e. N 
ther paſſes above or below the Sun; and her da tl 
ſide being then towards the Earth, ſhe is inviſibæ mor 
— The laſt time when this planet was ſeen like Mi Þ 15 
ſpot on the Sun, was on the 24th of November O it is 
Stile, in the year 1639. e of 
the 
ARTICLE II. ; P 
| : 8 | KF | | Ur 
Shewing how to find the borixontal parallax of Ven 3: 
by obſervation, and from thence, by analogy, th: 
parallax and diſtance of the Sun, and of ail Ilt par 
 Hlanets from him. US. 15 
hy | tim 
9. In Fig. 4, of Plate XIV. let DB A be the bo 
Earth, / Venus, and 78 R the eaſtern limb of the the 
Sun. To an obſerver at B, the point 7 of that lin kn 
will be on the meridian, it's place referred to the the 
heaven will be at E, and Venus will appear jult ne 
within it at S. But, at the ſame inſtant, to an ob- th 
ſerver at 4, Venus is caſt of the Sun, in the right di 
line AVF; the paint f of the Sun's limb appears dl 
at e in the heaven, and if Venus were then vilible, WW *® 
ſhe would appear at F. The angle CVA is the to 
horizontal parallax of Venus, which we ſeek; and} 
is equal to the oppoſite angle F E, whoſe mea. W 
fure is the arc FE. ASC 1s the Sun's horizontal d 
parallax, cqual to the oppoſite angle e S E, whole] 0 
meaſure is the arc eZ: and F Ae (the ſame as II 
Av) is Venus's horizontal parallax from the Sun, 
which may be found by-obſerving how much late E 
in abſolute time her total ingreſs on the Sun 1s, 3 i 


ſcen from 4, than as ſeen from B, which is tne 
Sen. from 4 1A r En Oar en e 


* 
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ime ſhe takes to move from to v in her orbit 
EFD | * NY 
10. It appears by the tables of Venus's motion 
and the Sun's, that at the time of her enſuing tran- 
it, ſhe will move 4/ of a degree on the Sun's diſc 
in bo minutes of time; and therefore ſhe will move 
Cof a degree in one minute of time. 1 

Now let us ſuppoſe, that A is go? weſt of B, 
ſo that when it is noon at B, it will be VI in the 
morning at 4; that the total ingreſs as ſeen from 
Bis at 1 minute paſt XII. but that as ſeen from 4 
it is at 7 minutes 30 ſeconds paſt VI: deduct 6 
hours for the difference of meridians of Aand B, and 
the remainder will be 6 minutes 30 ſeconds for the 


| Sun at $ is later as ſeen from A than as ſeen from 
B: which time being converted into parts of a 
degree is 26”, or the arc Fe of Venus's horizontal 
parallax from the Sun: for, as 1 minute of time 
s to 4 ſeconds. of a degree, ſo is 65; minutes of 
time to 26 ſeconds of a degree. 

11. The times in which the planets perform 


known by obſervation. —From theſe times, and 
the univerſal power of gravity by which the pla- 
nets are retained in their orbits, it is demonſtrable, 
that if the Earth's mean diſtance from the Sun be 
divided into 100000 equal parts, Mercury's mean 
diſtance from the Sun muſt be equal to 38710 of 
theſe parts—Venus's mean diſtance from the Sun, 
to 72333—Mars's mean diſtance, 132369 —Jupi- 
ter's 520096—and Saturn's, 954006, Therefore, 
when the number of miles contained in the mean 
diſtance of any planet from the Sun is known, we 
can, by theſe proportions, find the mean diſtance 

in miles of all the reſt, _ | 
12. At the time of the enſuing tranſit, the 
Earth's diſtance from the Sun will be 1015 (the 
mean diſtance being here conſidered as 1000) ang 
Yenus's diſtance from the Sun will be 726 (the 
F Ff 4 mean 


* 


time by which the total ipgreſs of Venus on the 


their annual revolutions about the Sun, are already 
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mean diſtance being conſidered as 723) which gi! 
ferences from the mean diſtances ariſe from th 
elliptical figure of the planets orbits—Subrr,alf 
72 parts from 1015, and there will remain 28 
parts for Venus's diſtance from the Earth at that 
time, ION 20.0 0 
13. Now, fince the horizontal parallaxes of the 
planets are “ inverſely as their diſtances from the 
Earth's center, it is plain, that as Venus will be 
between the Earth and the Sun on the day of her 
tranſit, and conſequently her parallax will be then 
greater than the Sun's, if her horizontal parallax 
can be on that day aſcertained by obſervation, the 
Sun's horizontal parallax may be found, and conſe. 
quently his diſtance from the Earth.—Thus, ſup. 
poſe Venus's horizontal parallax ſhould be found 
to be 363480; then, As the Sun's diſtance 1013 
is to Venus's diſtance 289, fois Venus's horizontal 
_ Parallax 36“. 3480 to the Sun's horizontal parallax 
100/3493 on the day of her tranſit. * And the dif- 
ference of theſe two parallaxes, viz. 25".9987 
(which may be eſteemed 26”) will be the quantity 
of Venus's horizontal parallax from the Sun; 
which is one of the elements for projecting or de. 
lineating her tranſit over the Sun's difc, as will W 
e , . nt 3 
Jo find the Sun's horizontal parallax at the time 
of his mean diſtance from the Earth, ſay, As 1000 
parts, the Sun's mean diſtance from the Earth's | 
center, is to 1013, his diſtance therefrom on the 


* To prove this, let & be the Sun (Fig. 3.) J Venos, 48 
the Earth, C its center, and 4 Cit's ſemidiameter. The angie | 
AFC is the horizontal parallax of Venus, and 48 C the horl- 
zontal parallax of the Sun. But by the property of plain ti 
angles, as the fine of 4YC (or of SY A it's ſupplement to 
180) is to the ſine of 48 C, fo is 48 to AF, and fo is C8] 
to CV. N. B. In all angles leſs than a minute of a degree, 
the ſines, tangents, and arcs, are ſo nearly equal, that the, 
may without error be uſed for one another. And here we 
make ufe of Gardiner's logarithmic tables, becauſe they have 
the fines to every ſecond of a degree. 4 
ß» ay 


| 


the Planets from the Sun. 


Jay of the tranſit, ſo is 10..3493, his horizontal 
irallax on that day, to 10.5045, his horizontal 


Farth's center. 
14. The Sun's parallax being thus (or any other 
way ſuppoſed to be) found, at the time of his mean 
diſtance from the Earth, we may find his true diſ- 


the following analogy. As the ſine (or tangent of 
ſo ſmall an arc as that) of the Sun's parallax 
100.5045 is to radius, ſo is unity or the Earth's 
ſemidiameter to the number of ſemidiameters of 
the Earth that the Sun is diſtant from it's center, 


number of miles contained in the Earth's ſemidi- 
ameter, will give the number of miles by which the 
Sun is diſtant from the Earth's center. | 
Then, by Y 11, As 100000, the Earth's mean 
diſtance from the Sun in parts, is to 38510, Mer- 
cury's mean diſtance from the Sun ia parts, fo is 
the Earth's mean diſtance from the Sun in miles to 
Mercury's mean diſtance from the Sun in miles, — 
As 100000 is to 72333, fo is the Earth's mean 
| diſtance from the Sun in miles to Venus's mean 
diſtance from the Sun in miles. — Likewiſe, 

As 100000 is to 152369, ſo is the Earth's mean 
diſtance from the Sun in miles to Mars's mean diſ- 
tance from the Sun in miles. — Again, 4 
As 100000 is to 520096, ſo is the Earth's mean 


diſtance from the Sun in miles. —Laſftly, 
As 100000 is to 954006, fo is the Earth's mean 


Ciftance from the Sun in miles. 

And thus, by having found the diſtance of any 
one of the planets from the Sun, we have ſufficient 
data for finding the diſtances of all the reſt —And 
then, from their apparent diameters at theſe known 
1 . . 9 diſtances, 


allax at the time of his mean diſtance from the 


tance therefrom, in ſemidiameters of the Earth, by 


which number, being multiplied by 3983, the 


diſtance from the Sun in miles to Jupiter's mean 


diſtance from the Sun in miles to Saturn's mean 


* 


— 4 


a} 
N. 
7 
1 
- 
2 41 
1 
6 * - 
"8 
214 
4 " 
J 1 
1 
£ 
* 
K-49 
44 
oy 
| * 
-I"\ of 
7 8 
** 
is 
+: * 
_ - 
* 28 
I 
LY. 
4 
= ts b 
n 
: * 
"2 
6 
25 * 
me | 
'" 
6. 

+ 5% 

2 . 

ly 

12 4 

N 

f . : 
* 

| - 
* 

5 

4 . 
* 

SPY 

$ 
7 C 

* . 

i « 

44 14 N 

4 ? 

= £4 4 

1 

- N © 
* 4 7 

« £ 4 

1 

. #3 
0 on 

N. 2 

k i 
4 
* 2 

1 
_ | 
7 ” 

a o 
_ . 

r 
by 
F 
» 1 

. 1 
7 
4 73 
* 
27 - 
3 

2 by 
{1 4 
.® 

: 3K '*% 

8 4 8 
2 3» 
"4 

\ * 

. 3 

* 5 

_ 

BY 
th 

* aF 

8 
KA 

#48 
oy KA 

U 1 = 

"+ = 

l 4 

= . 9 
7 

1 4 4 

at ; 

4 * 

bl 

# £ q 
_ 

LE . 

+ 4 18 
1 : 

i %, 

# 

X b 
* ; 

R 1 

7 &' 1 

4 

A * ; 

bl oh 

a * N 

3 

| 

N % 

. 

1 N 

» > p 

1.4 

- 41 

_ 

I 4 
= 

Wi 

\ * 

1 

9 

o 7 : 

tab F 
* 

t 


442 


may be ſolyed by a ſingle. obſerver, if he be exact 
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diſtances, 'their real diameters and bulks may be 
found. Y nets 9 
15. The Earth's diameter, as ſeen from the 
Sun, ſubtends an angle of double the Sun's hori. 
zontal parallax, at the time of the Earth's mean 
diſtance from the Sun: and the Sun's diameter, 3; 
ſeen from the Earth at that time, ſubtends an angle 
of 32” 2”, or 1922“. Therefore, the Sun's diame. 
ter is to the Earth's diameter, as 1922 is to 21.— 
And ſince the relative bulks of ſpherical. bodies 
are, as the cubes of their diameters, the Sun's bu!k 
is to the Earth's bulk, as 756058 is to 1; ſuppoſing 


the Sun's mean horizontal parallax to be 10”,c0, 
as above. | 


16. It is plain by Fig. 4. that whether Venus 
be at U or V, or in any other part of the right line 
B, it will make no difference in the time of her 
total ingreſs on the Sun at &, as ſeen from B; but 
as ſeen from A it will. For, if Venus be at V, her 
horizontal parallax from the Sun is the arc Fe, 
which meaſures the angle F Ae: but if ſhe be nearer 
the Earth, as at U, her horizontal parallax from the 


Sun is the arc fe, which meaſures the angle f Ae; 


and this angle is greater than the angle # Ae, by 
the difference of their meaſures FF. So that, 3 
the diſtance of the celeſtial object from the Earth 


is leſs, it's parallax is the greater. 


17. To find the parallax of Venus by the above 


method, it is neceſſary, 1. That the difference of 
meridians of the two places of obſervation be gc*. | 
—2, That the time of Venus's total ingreſs on the 
Sun be when his eaſtern limb is either on the me- 


ridian of one of the places, or very near it.— And, 


3. That each obſerver has his clock exactly regu- 


lated to the equal time at his place. But as it 


might perhaps be difficult to find two places on 
the Earth ſuited to the firſt and ſecond of theſe te- 


quiſites, we ſhall ſhew-how this important problem 


a9 


of the Planets from the Sun. 


45 to his longitude, and has his clock truly adjuſted 
to the equal time at his place. | 

18. That part of Venus's orbit in which ſhe will 
move during her tranſit on the Sun, may be con- 


fidered as a ſtraight line; and therefore, a plane 


may be conceived to paſs both through it and the 
Earth's center. To every place on the Earth's 


ſurface cut by this plane, Venus will be ſeen on 


the Sun in the ſame path that ſhe would deſcribe 
as ſeen from the Earth's center: and therefore, ſhe 
will have no parallax of latitude, either north or 
ſouth 3 but will have a greater or leſs parallax of 
longitude, as ſhe is more or leſs diſtant from the 
meridian, at any time during her tranſit, 

Matura, a town and fort on the ſouth coaſt of 
the iſland of Ceylon, will be in this plane at the 
time of Venus's total ingreſs on the Sun; and the 
Sun will then be 62 eaſt of the meridian of that 
place. Conſequently, to an obſerver at Matura, 
Venus will have a conſiderable parallax of longi- 
tude eaſtward from the Sun, when ſhe would ap- 
pear to, touch the Sun's eaſtern limb as ſeen from 


the Earth's center, at which the Aſtronomical tables 


ſuppoſe the obſerver to be placed, and give the 
times as ſeen from thence. „„ 

19. According to theſe tables, Venus's total in- 
preſs on the Sun will be 30 minutes after VII in 
ie morning, at Matura, ſuppoling that place to 
be dos eaſt longitude from the meridian of London; 
which is the obſerver's buſineſs to determine. Let 


us imagine that he finds it to be exactly fo, but 


that to him the total ingreſs is at VII hours 55 


minutes 46 ſeconds, which is 5 minutes 46 ſeconds 
later than the true calculated rime of total ingreſs, 


as ſeen from the Earth's center, Then, as Venus's 


p The time of total iogreſs at London, as ſeen from the 
Earth's center, is at 30 minutes after II in the morning; and 
if Matura be Juſt 809 (or 5 hours 20 minu es) eaſt of London, 
when it is 30 minutes paſt II in the morning at London, it is 
9 minutes paſt VII at Matura. 55 e 

3 eg moron 


RR . nates 


r 
= -—_ 


TS —— ; 5 = 
- r r 


_ tura, when her ingreſs would be total if ſeen from inte 


hours 50 minutes) ſo is radius, or the fine of 90e, to 


289, ſo is Venus's horizontal parallax 36“. 3480 to 
the Sun's horizontal parallax 10". 3493—ff Ve. 
nus's horizontal parallax from the Sun is found 


rallax of Venus, and conſequently the parallax of 


although the tables may be ſafely. depended * 
— 8 a 4 | | or 
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motion on (or towards, or from) the Sun is at the 
rate of 4 minutes of a degree in an hour (by 9 10 
her motion mult be 23”, 1 of a degree in 5 minute; 
46 ſeconds of time: and this 23”. 1 is her parallax 
eaſtward, from her total ingreſs as ſeen from Ma. 


the Earth's center. 
20. At VII hours 30 minutes in the morning, 
the Sun is 62 from the meridian; at VI in the 
morning he is 90? from it: therefore, as the ſine con 
of 62%; is to the ſine of 23.1 (which is Venus 
parallax from her true place on the Sun at VII 


the ſine of 26", which is Venus's horizontal paral- 
lax from the Sun at VI, In logarithms thus; 


As the logarithmic fine of 62? 3o' - - | - 9.947924 | 
Is to the logarithmic fine of 23 /.] +» =» 6.0481510 
So is the logarithmic radius = - - lo. ccooccꝰ 


To the logarithmic ſine of 26“ very nearly | 2 6.1002221 


Divide the Sun's diſtance from the Earth, 1015 
by his diſtance from Venus 726 (§ 12.) and the 
quotient will be 1.3980; which being multiplied 
by Venus's horizontal parallax from the Sun 26", 
will give 36”.3480 for her horizontal parallax as 
ſeen from the Earth at that time. Then (by § 13), 
As the Sun's diſtance 1015 is to Venus's diſtance 


by obſervation to be greater or leſs than 26", the 
Sun's horizontal parallax muſt be greater or lels 


than 10“. 3493 accordingly, | 
21. And thus, by a ſingle obſervation, the ps. 


the Sun, might be found, if we were ſure that the. 
Aſtronomical tables were quite correct as to the 
time of Venus's total ingreſs on the Sun,—Þvt | 


of the Planets from the Sun. 


for ſhewing the true duration of the tranſit, which 
will not be quite 6 hours from the time of Venus's 
total ingreſs on the Sun's eaſtern limb, to the be- 
ginning of her egreſs from his weſtern; yet they 
may perhaps not give the true times of theſe two 
internal contacts: like a good common clock, 
which though it may be truſted to for meaſuring a 


few hours of time, yet perhaps it may not be 


quite adjuſted to the meridian of the place, and 
conſequently not true as to any one hour; which 
every one knows is generally the caſe.— Therefore, 
to make ſure work, the obſerver ought to watch 


both the moment of Venus's total ingreſs on the 


Sun, and her beginning of egreſs from him, ſo as 
to note preciſely the times between theſe two in- 
ſtants, by means of a good clock: and by com- 
paring the interval at his place with the true cal- 


culated interval as ſeen from the Earth's center, 
which will be 5 hours 58 minutes, he may find 


the parallax of Venus from the Sun both at her 
total ingreſs and beginning of egreſs. Mo 


22, The manner of oblerving the tranſit ſhould 


be as follows. The obſerver being provided with 
a good teleſcope, and a pendulum clock well ad- 
juſted to the mean diurnal revolution of the Sun, 
and as near to the time at his place as conveniently 
may be; and having an aſſiſtant to watch the clock 
at the proper times, he muſt begin to obſerve the 
Sun's eaſtern limb through his teleſcope, twenty 


minutes at leaſt before the computed time of Venus's 


total ingreſs upon it, leſt there ſnould be an error in 
the time thereof, as given by the tables. 
When he perceives a dent (as it were) to be 
made in the Sun's limb by the interpoſition of the 
dark body of Venus, he muſt then continue to 
watch her through the teleſcope as the dent in- 
creaſes; and his aſſiſtant muſt watch the time ſhewn 
by the clock, till the whole body of the planet 


appears juſt within the Sun's limb: and the mo- 


ment when the bright limb of the Sun appears 
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wall; the moment of which, the aſſiſtant notes by 


39 minutes, in which time it will be got to the 


aſcertain it's true latitude or declination from the 
ecliptic, and thereby find the places of it's nodes. 


it any longer, until it comes fo near the Sun's 


_ obſerver muſt watch the planet carefully with bis 


by the obſerver's ſtriking a blow with his hammer. 
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cloſe by the eaſt ſide of the dark limb of the pi 
net, the obſerver, having a little hammer in hi; 
hand, is to ſtrike a blow therewith on the table ot 


the clock, and writes it down, _ 
Then, let the planet paſs on for about 2 hours 


middle of it's apparent path on the Sun, and con. 
ſequently will then be at it's leaſt apparent dil. 
rance from the Sun's center; at which time, the 
obſerver mult take it's diſtance from the Sun's cen. 
ter, by means of a good micrometer, in order to 


This done, there is but little occaſion to obſerye 
weſtern limb, as almoit to touch it. Then the 
teleſcope; and his aſſiſtant muſt watch the clock, 
ſo as to note the preciſe moment of the planet's 


touching the Sun's limb, which the aſſiſtant knows 


23. The aſſiſtant muſt be very careful in ob. 


ſerving what minute on the Dial-Plate the minute- 
hand has paſt, when he has obſerved the ſecond- 
hand at the inſtant the blow was ſtruck by the 


hammer: otherwiſe, though he be right as to 
the number of ſeconds of the current minute, he | 
may be apt to make a miſtake in the number of 


minutes. | | 


24. To thoſe places where the tranſit begins be- 
fore XII at noon, and ends after it, Venus wlll 
have an eaſtern parallax from the Sun at the be. 
ginning, and a weſtern parallax from the Sun at 


the end; which will contract the duration of the 


tranſit, by cauſing it to begin later, and end ſooner 


at theſe places, than it does as ſeen from the Earth's 
center; which may be explained in the following 
manner. ONE REY e 


n 


i * py 


of the Planets from the Sun. 


In Fig. 5. of Plate XIV. let B MA be the Earth, 
7 Venus, and $ the Sun. The Earth's motion on 
is axis from welt to eaſt, or in the direction 
AMB, carries an obſerver on that fide contrary 
to the motion of Venus in her orbit, which is in 


© ples 
IN his 
ble Or 


CS by 


nours the direction UVV, and will therefore cauſe her 
0 the motion to appear quicker on the Sun's diſc, than 
con. WW it would appear to an obſerver placed at the Earth's 
t dif. (entre C, or at either of it's poles. For, if Venus 


were to ſtand ſtill in her orbit ar for twelve hours, 
the obſerver on the Earth's ſurface would in that 


the 


cen. 


er to time be carried from A to B, through the arc 
1 the AMB. When he was at A, he would ſee Venus 
les, on the Sun at R; when at 14, he would fee her at 
erve s; and when he was at B, he would ſee her at 7. 


un's 
the 


appear in motion on the Sun through the line 
| his 


RST: which being in the direction of her appa- 


ock, tent motion on the Sun as ſhe moves in her orbit 
iet's UI, her motion will be accelerated on the Sun 
ovs WW to this obſerver, juſt as much as his own motion 
ner. would ſhift her apparent place on the Sun, if ſhe 
ob- were at reſt in her orbit at J. 2) 
ute- But' as the whole duration of the tranſit, from 
nd- firſt to laſt internal contact, will not be quite fix 
the hours; an obſerver, who has the Sun on his meri- 
to dian at the middle of the tranſit, will be carried 
be only from @ to 5 during the whole time thereof. 
r of And therefore, the duration will be much leſs con- 
tracted by his own motion, than if the planet were 
be- to be twelve hours in paſſing over the Sun, as ſeen 
wil trom the Earth's center. I 
be | 25. The nearer Venus is to the Earth, the greater 
| af 


ö her parallax, and the more will the true duration 
of her tranſit be contracted thereby; the farther 
he is from the Earth, the contrary ; ſo that the 
contraction will be in direct proportion to the pa- 


how much the duration of the tranſit is leſs than 
us true duration at the Earth's center, where it is 
ET 5 hours 


ſo that his own motion would cauſe the planet to 


rallax. Therefore, by obſcrving, at proper places, 
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5 hours 58 minutes, as given by the Aſtronomicd 
tables, the parallax of Venus will be aſcertained. 
26. The above method (5 17, & ſeg.) is muck 
the ſame as was preſcribed long ago by Doty! 
HaLLey, but the calculations differ conſiderah 
from his; as will appear in the next article, which 
contains a_tranſlation of the Doctor's whole differ. 
tation on that ſubject.— He had not computed his 
own tables when he wrote it, nor had he timd 
before-hand to make a ſufficient number of obſer. 
vations on the motion of Venus, ſo as to deter: 
mine whether the nodes of her orbit are at reſt 0 
no; and was therefore obliged to truſt to other 
tables, which are now found to be erroneous, 


ARTICLE II. 


2 — — 


Containing Doctor HalLEY's Diſſertation on the ni. 
bod of finding the Sun's parallax and diſtance fron! 
the Earth, by the tranſit of Venus over the Suu 
Diſe, June the 6th, 1761. Tranſlated from the 
Tati in Motte's Abridgment of the Philoſophical 
Tranſactions, Vol. I. page 243; with addition 
ates. | | 
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There are many things exceedingly paradoxical 
and that ſeem quite incredible to the illiterate, 
which yet by means of mathematical principles 
may be eaſily ſolved. Scarce any problem will ap: 
pear more hard and difficult, than that of deter- 
mining the diſtance of the Sun from the Earl 
very near the truth: but even this, when we af 
made acquainted with ſome exact obſervations 
taken at places fixed upon, and choſen before. 
hand, will without much labour be effected. And 
this is what I am now deſirous to lay before th 
illuſtrious Society (which I foretell will continue 
for ages) that I may explain before - hand to young 
Aſtronomers, who may perhaps live to oblerve 
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theſe things, the method whereby the immenſe diſ- 
unce of the Sun may be truly obtained, to within 
a five hundredth part of what it really is. 


from the Earth is by different Aſtronomers ſup- 


probable from the beſt conjeEure that each could 
form. Ptolemy and his followers, as alſo Copernicus 
and Tycho Brabe, thought it to be 1200 ſemidia- 
meters of the Earth : Kepler 3500 nearly; Ricciolus 
doubles the diſtance mentioned by Kepler, and He- 
deus only increaſes it by one half. But the pla- 


deprived of their borrowed brightnels, it is at length 
found that the apparent diameter of the planets 
Rare much leſs than they were formerly ſuppoſed ; 
and that the ſemidiameter of Venus ſeen from the 


minute, or fifteen ſeconds, whilſt the ſemidiameter 
of Mercury, at it's mean diſtance from the Sun, 


the ſemidiameter of Saturn ſeen from the Sun, 


ſemidiameter of Jupiter, the largeſt, of all the 
planets, ſubrends an angle of no more than a third 
part of a minute at the Sun. Whence, keeping 


thought, that the ſemidiameter of the Earth, ſeen 
from the Sun, would ſuhtend a mean angle between 
that larger one ſubtended by Jupiter, and that 


and equal to that ſubtended by Venus, (namely, 
fifteen ſeconds:) and have thence concluded, that 
the Sun is diſtant from the Earth almoſt 14000 of 


have on another account ſomewhat increaſed this 
diſtance : for, inaſmuch as the Moon's diameter is 
alittle more than a fourth part of the diameter of 
the Earth, if the Sun's parallax ſhould be ſuppoſed 


It is well known that the diſtance of the Sun 


ſed different, according to what was judged moſt 


nets Venus and Mercury having, by the aſſiſtance. 
of the teleſcope, been ſeen in the diſc of the Sun, 


Sun ſubtends no more than a fourth part of a 


is ſeen under an angle only of ten ſeconds ; that 


appears under the ſame. angle; and that the 


the proportion, ſome modern Aſtronomers have 


ſmaller one ſubtended by Saturn and Mercury; 


the Earth's ſemidiameters. But the ſame authors 


fifteen 
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Moon is larger than that of Mercury; that is, th 


ry, which would ſeem inconſiſtent with the un 
formity of the mundane ſyſtem. And on the 6 


| ſcarcely to admit, that Venus, an inferior planet 
that has no ſatellite, ſhould be greater than q 
Earth, which ſtands higher in the ſyſtem, and hy 
a mean, let us ſuppoſe the ſemidiameter of th 


thing, the Sun's horizontal parallax, to be tyely 


than Venus; and the Sun's diſtance from the Fant 


by the Experiment which I propoſe. Nor am 
induced to alter my opinion by 
thoſe (however weighty it may be) who are fol 
_ bounds here aſſigned, relying on obſervations mad 


determine thoſe exceeding ſmall angles; but which 


negative; that is, the diſtance would either become 
infinite, or greater than infinite; which is abſurd, 


certainty; ſeconds, or even ten ſeconds, with inſtrl 


and ingenious endeavours of ſuch ſkilful operator; 


of st. Helena, obſerving the ſtars about the ſoul 


The Method of finding the Difance 
fifteen ſeconds, it would follow, that the body of l 


a ſecondary planet would be greater than a prim. 


trary, the ſame regularity and uniformity ſee 


fuch a ſplendid attendant. Therefore, to obſery 
Earth ſeen from the Sun, or, which is the ſa 


ſeconds and a half; according to which, the Moni 
will be leſs than Mercury, and the Earth latg 
will come out nearly 16,;00-of the Earth's ſem 
diameters. This diſtance I aſſent to at preſent, i 
the true one, tal it ſhall become certain what iti 


the authority « 
placing the Sun at an immenſe diſtance beyond the 
upon the vibrations of a pendulum, in order t 
as it ſeems, are not ſufficient to be depended upot 


at leaſt, by this method of inveſtigating the pan 
tax, it will come out ſometimes nothing, or et 


And indeed, to confeſs the truth, it is hardly pol 
ſible for a man to diſtinguiſh, with any degree 0 


ments, let them be ever fo ſkilfully made: there 
fore, it is not at all to be wondered at, that the 
exceſſive nicety of this matter has eluded the man 
About forty years ago, whilft I was in the iſland 


pole 


of the Planets from the Sun. 


vole, I had an opportunity of obſerving, with the 
rreateſt diligence, Mercury paſling over the diſc 
' the Sun; and (which ſucceeded better than I 
ould have hoped for) I obſerved, with the greateſt 
degree of accuracy, by means of a teleſcope 24 
feet long, the very moment when Mercury enter- 
Ing upon the Sun ſeemed to touch it's limb within, 
End allo the moment when going off it ſtruck the. 
imb of the Sun's diſc, forming the angle of interior 
ontact: whence I found the interval of time, dur- 
ing which Mercury then appeared within the Sun's 
lc, even without an error of one ſecond of time. 
For the lucid line intercepted between the dark 
imb of the planet and the bright limb of the Sun, 

though exceeding fine, is ſeen by the eye; and 
he little dent made in the Sun's limb, by Mer- 
ury's entering the diſc, appears to vaniſh in a 
moment; and alſo that made by Mercury, when 
leaving the diſc, ſeems to begin in an inſtant. — 
When I perceived this, it immediately came into 
my mind, that the. Sun's parallax might be ac- 
curately. determined by ſuch kind of obſervations 
35 theſe ; provided Mercury were but nearer to the 
Earth, and had a greater parallax from the Sun : 
but the difference of theſe parallaxes is ſo little, as 
always to be leſs. than the ſolar parallax which we 
ek; and therefore Mercury, though frequently 
to be ſeen on the Sun, is not to be looked upon as 
fit for our purpoſe, Pf e 5 

There remains then the tranſit of Venus over 
the Sun's diſe; whoſe parallax, being almoſt four 
limes as great as the ſolar parallax, will cauſe dat 8 
ſenſible differences between the times in which 
Venus will ſeem to be paſſing over the Sun at dif- 
ferent parts of the Earth. And from theſe differ- 
ences, if they .be. obſerved as they ought, the 
oun's parallax may be determined even to a ſmall 
part of a. ſecond, Nor do we require any other 
inſtruments for this purpoſe, than common tele- 
ſcopes and clocks, only good of their kind; and 
a the obſervers, nothing more is needful than fide- 
f "RW ; lity. 
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| ſhould be ſcrupulouſly obſerved, nor that the hour 


| hitherto found agreeable to the celeſtial motions, } 
{ix o'clock in the morning, we may expect to {ee | 


But the duration of this tranſit will be almoſt eight 


which is. called Drontheim, as far as the North 
Cape, will be able to obſerve Venus entering ie 


The Method of finding the Diſtances 


lity, diligence, and a moderate ſkill in Aﬀtronomy, 
For there is no need that the latitude of the p1zc 


themſelves ſhould be accurately determined vit 
reſpect to the meridian : it is ſufficient that the 
clocks be regulated according to the motion o 
the heavens, if the times be well reckoned from 
the total ingreſs of Venus into the Sun's diſe, tg 
the beginning of her egreſs from it; that is, when 
the dark globe of Venus firſt begins to touch the 
bright limb of the Sun within; which moment, 
I know by my own experience, may be obſeryed 
within a ſecond of time.  _ — 

But on account of the very ſtrict laws by which 
the motions of the planets are regulated, Venus is 
ſeldom ſeen within the Sun's diſc : and during the 
courſe of more than 120 years, it could not be 
ſeen once; namely, from the year 1639 (when this 
moſt pleaſing fight happened to that excellent 
youth Horrox our countryman, and to him only, 
ſince the creation) to the year 1761 ; in which 
year, according to the theories which we. have 


Venus will again pafs over the Sun on the * 26th 
of May, in the morning; ſo that at London, about 


it near the middle of the Sun's difc, and not above 
four minutes of a degree fouth of the Sun's center, 


hours; namely, from two o'clock in the morning 
till almoſt ten. Hence the ingreſs will not be 
viſible in England ; but as the Sun will at that 
time be in the 16th degree of Gemini, having al- 
moſt 23 degrees north declination, it will be ſeen 
without ſetting at all in almoſt all parts of the 

north frigid: zone: and therefore the inhabitants 
of the coaſt of Norway, beyond the city of Nidrof, 


— 


»The ſixth of June according to the New af 11 
It i * 


4 


of the Planets from the Sun. 2 


the northern parts of the kingdom, and by the 


Thule, But at the time when Venus will be neareſt 
the Sun's center, the Sun will be vertical to the 
northern ſhores of the bay of Bengal, or rather over 
the kingdom of Pegu ; and therefore in the adja- 
cent regions, as the Sun, when Venus enters his 
diſc, will be almoſt four hours toward the eaſt, and 
23 many toward the weſt when ſhe leaves him, the 


erated by almoſt double the horizontal parallax of 
Venus from the Sun ; becauſe Venus at that time 


weſt, whilſt an eye-placed upon the Earth's ſurface 
is whirled the contrary way, from weſt to eaſt “. 


This has been already taken notice of in F 24; but I ſhall 


of the following part of the Doctor's Eſſay, by a figure. 

In Fig. 1. of | 
Z the center of the Sun, In the right line Cv 2, make wZ to 
CZ as 726 is to 1015 (C12). Let a cd be the Earth, V Ve- 


Sun ; and let 78 U be the Sun, whoſe diameter is 31 42”. 
The motion of Venus in her orbit is in the direction Nn, 
and the Earth's motion on it's axis is according to the order 


poling the mouth of the Ganges to be at G, when Venus is at 
E in her orbit, and to be carried from G to g by the Earth's 


motion on it's axis, Whilſt Venus moves from E to e in her 


orbit; it is plain, that the motions of Venus and the Ganges 
| are contrary to each other. | * „„ 
The true motion of Venus in her orbit, and conſequently 
the ſpace ſhe ſeems to run over on the Sun's diſc in any given 
ume, could be ſeen only from the Earth's center C. which is 
at reſt with reſpe& to it's ſurface, © And as ſeen from C, her path 
on the Sun would be in the right line TeU ; and her motion 
therein at the rate of four minutes of a degree in an hour. 


i the point of the Sun's eaſtern limb which Venus ſeems to 
| touch: at the moment of her total ingreſs on the Sun, as ſeen 


from C, when Venus is at E in her orbit; and U is the point 
of the Sun's weſtern limb which ſhe ſeems to touch at the mo- 
ment of her beginning of egreſs from the Sun, as ſeen from C, 
when ſhe is at ein her orbit. | Cds fer. 

G g 3 55 When 


duns diſe; and perhaps the ingreſs of venus upon 
the Sun, when rifing, will be ſeen by the Scotch, in 


inhabitants of the Shetland Jes, formerly called 


zoparent motion of Venus on the Sun will be acce- 
is carried with a retrograde motion from eaſt to 


Juppoſing 


here endeavour to explain it more at large, together with ſome 


Plate XV; let C be the center of the Earth, and © 


nus's place in her orbit at the time of her conjunction with the 


of the 24 hours placed around it in the figure. Therefore, ſup- 


* 
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Suppoſing the Sun's parallax (as we have (ig 
to be 12/2, the parallax of Venus will be 4%: 
from which ſubtracting the-parallax of the Sun. 
there will remain 30“ at leaſt for the horizontal 
parallax of Venus from the Sun; and therefore thel 
motion of Venus will be increaſed 45” at leaſt by 
that parallax, whilſt ſhe paſſes over the Sun's diſc 
in thoſe elevations of the pole which are in places 
near the tropic, and yet more in the neighbour. 

hood of the equator. Now, Venus at that time 
will move on the Sun's diſc, very nearly at the 
rate of four minutes of a degree in an hour; and 
therefore 11 minutes of time at leaſt are to be 
allowed for 45”, or three fourths of a minute of 

| | „ a degree; 


When the mouth of the Gange, is at m (in revolving through 
the arc Eg) the Sun is on it's meridian, Therefore, ſince 
G and g are equally diſtant from at the beginning aud ed. 
ing of the tranſit, it is plain that the Sun will be as far eaſt of 
the meridian of the Ganges (at G) when the tranſit begins, as it 
will be weſt of the meridian of the ſame place (revolved from 

G to g) when the tranſit ends. Od 
But although the beginning of the tranſit, or rather the 
moment of Venus's total ingreſs upon the Sun at 7, as ſeen 
from the Earth's center, mutt be when Venus is at E in her 
orbit, becanſe ſhe is then ſeen in the direction of the right 
line CET; yet at the ſame inſtant of time, as ſeen from the 
Ganges at G, ſhe will be ſhort of her ingreſs on the Sun, being 
then ſeen eaſtward of him, in the right line GE K, which 
makes the angle K E T, (equal to the oppoſite angle GEC) 
with the right line CE T. This angle is called the angle of 
| Venus's parallax from the Sun, which retards the beginning 
of the tranſit as ſeen from the banks of the Ganges; ſo that 
the Ganges G, muſt advance a little farther toward m, and 
Venus muſt move on in her orbit from E to R, before ſhe can 
be ſeen from & (in the right line G R 7) wholly within the 
Saua , „ 

When Venus comes to e in her orbit, ſhe will appear at U, 
as ſeen from the Earth's center C. juſt beginning to leave the 
Sun; that is, at the beginning of her egre(s from his weltern 
imb: but at the ſame inſtant of time, as ſeen from the Gage, 
which is then at g, ſhe will be quite clear of the Sun toward 
the weſt; being then ſeen from g in the right line ge L, which 
makes an angle, as U L (equal to the oppoſite angle C 190 
with the right line Ce U: and this is the angle o 2 
| „ * N ; Pal. 


8 . EE wad ih. - at Bp 7 


degree; and by this ſpace of time, the duration 
of this eclipſe cauſed by Venus will, on account 
of the parallax, be ſhortened. And from this 
ſhortening of the time only, we might ſafely enough 
draw a concluſion concerning the parallax which 
we are in ſearch of, provided the diameter of the 
Sun, and the Jatitude of Venus, were accurately 


tation in a matter of ſuch ſubtility. 

We muſt endeavour therefore to obtain, if poſ- 
ſible, another obſervation, to be taken in thoſe 
places where Venus will be in the middle of the 
| Sun's diſc at midnight; that is, in places under 

the oppoſite meridian to the former, or about 6 


venus enters upon the Sun a little before it's ſet- 


is but juſt beginning to leave the Sun at U, as ſeen from the 
Earth's center C. 15 T | | 

Here it is plain, that the duration of the tranſit about the 
mouth of the Ganges (and alſo in the beirn dente places) 
will be diminiſhed by about double the quantity of Venus 
parallax from the Sun at the beginning and ending of the tranſit. 
For Venus muſt be at E in her orbit when ſhe is wholly upon 
the Sun at 7, as ſeen from the Earth's center C: but at that 
time ſhe is ſhort of the Sun as ſeen from the Ganges at G, by 
the whole quantity of her eaſtern parallax from the Sun at that 


23 ; though it is repreſented much larger in the 5. be- 
cauſe the Earth therein is a vaſt deal too big.] Now, as 


Venus moves at the rate of 4 in an hour, ſhe will move 23” 


in 5 minutes 45 ſeconds : and, therefore, the tranſit will be 5 


min, 45 ſeconds later of beginning at the banks of the Ganges - 


than at the Earth's center. When the tranſit is ending at 
U, as ſeen from the Earth's center at C, Venus will be quite clear 
of the 8un (by the whole quantity of her weſtern parallax from 
him) as ſeen from the Ganges, which is then at g: and this 
parallax will be 22”, equal to the ſpace through which Venus 
moves in,5 minutes zo ſeconds of time: fo that the tranſit will 


from the Earth's center. 


at the mouth of the Ganges will be 11 minutes 15 ſeconds of 
time: fox it is 5 minutes 45 ſeconds at the beginning, and 5 
ae a0 fend; At be d 4: 97d oteo 
ba Mt G34. ting, 


known. But we cannot expect an exact compu- 


hours or 90 degrees weſt of London; and where 


parallax from the Sun as ſeen from the Ganges at g, when the 


time which is the angle K E T. [This angle, in fact, is only 


end 51 minutes ſooner as ſeen, from the Ganges, than as ſeen 


Hence the whole contraction of the duration of the tranſit 


is : 
' 
4 . 5 
* 
. . » 
** 
971 n 
\ : 
| 5 
= - 
11 
1 
. 
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o : wi 


pole, thoſe places on the Earth's diſc will be car. 


conſpiring with the motion of Venus; and there. 


Nelſon at the mouth of York-River in Hudſon's-Bay, 5% north- 


the meridian of Port- Nelſon will revolve from 6 to d: there- 


Sun or Venus) from P to 5 through the arc P x p.——Now, 


ſeems to paſs over the Sun's diſc in the right line T f U, as ſeen 
which may in ſome degree be illuſtrated by ſuppoſing, that 
than the bird will, which flies the ſame way that the ſhip 


moves. 


from the Earth's center; and longer as ſeen from the Earth's 
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ting, and goes off a little after it's riſing, And 
this will happen under the above-mentioned men. 
dian, and where the elevation of the north pole i 
about 56 degrees; that is, in a part of Hudfoy 
Bay, near a place called Port- Nelſon. For, in this 
and the adjacent places, the parallax of Venus wit 
increaſe the duration of the tranſit by at leaſt fx 
minutes of time; becauſe, whilſt the Sun, from 
it's ſetting to it's riſing, ſeems to paſs under the 


ried with a motion from eaſt to welt, contrary t 
the motion of the Ganges; that is, with a motion 


fore Venus will ſeem to move more ſlowly on the 
Sun, and to be longer in paſſing over his diſe *, 


® In Fig. I. of Plate XV, let a C be the meridian of th 
eaſtern mouth of the Ganges; and 6 C the meridian of Port. 


latitude. As the meridian of the Ganges revolves from a toc, 


fore, whilſt the Ganges revolves from G to g, through the arc 
G mg, Port-Nel/on revolves the contrary way (as ſeen from the 


as the motion of Venus is from E toe in her orbit, while the 


from the Earth's center C, it is plain, that whilit the motion 
of the Ganges is contrary to the motion of Venus in her orbit, 
and thereby ſhortens the duration of the tranſit at that place, 
the motion of Port. Nelſon is the ſame way as the motion of 
Venus, and will therefore increaſe the duration of the tranſit; 


whilſt a ſhip is under fail, if two birds fly along the (ide of 
the ſhip in contrary directions to each other, the bird which 
flies contrary to the motion of the ſhip will paſs by it ſooner 


In five, it is plain by the figure, that the duration of the 
tranſit muſt be longer as ſeen from Port-Nel/on, than as ſeen 


center, than as ſeen from the mouth of the Ganges. Fot 
Port-Nel/on muſt be at P, and Venus at M in her orbit, when 
ſhe appears wholly within the Sun at T: and the fame place 
muſt be at p, and Venus at =, when ſhe appears at U, begin- 


ning to leave the Sun,—The Ganges muſt be at G, and qe 


of the Planets from the Sun, 


If therefore it ſhould happen that this tranſit 
auld be properly obſerved by ſkilful perſons at 


hereof will be 17 minutes longer, as ſeen from 
it of much conſequence (if the Engliſb ſhall at 


he obſervation be made at Fort- George, commonly 
alled Madras, or at Bencoolen on the weſtern ſhore 
of the iſland of Sumatra, near the equator. But if 
the French ſhould be diſpoſed to rake any pains here- 
in, an obſerver may ſtation himſelf conveniently 
nough at Pondicherry on the weſt ſhore of the bay 


mart at Batavia will afford them a place of obſer- 
Potion fic enough for this purpoſe, provided they 
Iſo have but a diſpoſition to aſſiſt in advancing, in 
this particular, the knowledge of the heavens. — 
and indeed I could wiſh that many obſervations 
f the ſame phenomenon might be taken by dif- 


agreement, and alſo leſt any ſingle obſerver ſhould 
light, which J know not whether any man living 
hich depends the certain and adequate ſolution of 


not to be attained to, I recommend it, therefore, 
apain and again,. to thoſe curious Aſtronomers, 
who (when I am dead) will have an opportunity 


me place muſt be at g, and Venus at r, when ſhe begins to 
leave the Sun at L, as ſeen from g. $0 that Venus muſt move 
from N to u in her orbit, whilſt ſhe is ſeen to paſs over the Sun 
rm Port-Net/on ; from E to e in paſſing over the Sun, as ſeen 


Palles over the Sun, as ſeen from the banks of the Ganges. 


doch theſe places, it is clear, that the duration 
drt. Nelſon, than as ſeen from the Eaſt-Indies. Nor 


hat time give any attention to this affair) whether 


ff Bengal, where the altitude of the pole is about 
hz degrees. As to the Dutch, their celebrated 


ferent perſons at ſeveral places, both that we might 
arrive at a greater degree of certainty by their 


de deprived, by the intervention of clouds, of a 
n this or the next age will ever ſee again; and on 


problem the moſt noble, and at any other time 


o obſerving theſe things, that they would remem- 


at R, when the is ſeen from G upon the Sun at J; and the 


from the Earth's center; and only from R to r whilſt ſhe 


a ber 
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having aſcertained with more exactneſs the magni 


or leſs, nearly in the ſame proportion. And ſince 


two ſeconds, it will be certain what the Sun's ps 


have them take notice, that on this occaſion, | 
to avoid the inconvenience of a more intricate cal 


evident; and alſo becauſe the motion of the 1 
| e LASER et 00) 223?" 2 LT 
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ber this my admonition, and diligently apply 
ſelves with all their might to 115 — . | ff Ve 
ſervation; and I earneſtly wiſh them all imagingy wo 
ſucceſs ; in the firſt place that they may not, he 8 
the unfeaſonable obſcurity of a cloudy ſky, be d will | 
prived of this moſt deſirable fight; and then, th + 
rudes of the planetary orbits, it may redound e 
their immortal fame and glory. ane 
We have now ſhewn, that by this method t 1630 
Sun's parallax may be inveſtigated to within it's 61 = 
hundredth part, which doubtleſs will appear v 
derful to ſome. But if an accurate obſervation hg bac 
made in each of the places above marked out, we the 
have already demonſtrated that the durations H= 
this ecliple made by Venus will differ from eack 
other by 17 minutes of time; that is, upon a ſup! 
poſition that the Sun's parallax is 12, But | 
the difference ſhall'be found by obſervation to be 
greater of leſs, the Sun's parallax will be greater 


17 minutes of time are anſwerable to 12+ teconds 
of ſolar parallax, for every ſecond of parallax ther 
will ariſe a difference of more than 80 ſeconds of 
time; whence, if we have this difference true 10 


rallax is, to within a 40th part of one ſecond ; and} 
therefore, his diſtance will be determined to within 
it's goodth part at leaſt, if the parallax be not 
found leſs than what we have ſuppoſed : for 4 
times 125 make 500, ST OLE 
And nowT think I have explained this matter 
fully, and even more than I needed to have done, 
to thoſe who underſtand Aſtronomy : and I would 


— 


have had no regard to the latitude of Venus, both 


culation, which would render the. concluſion le 


W 


of the Planets from-the Sun. 


r Venus is not yet diſcovered, nor can be deter- 
ned but by ſuch conjunCtions of the planet with 


jill paſs 4 minutes below the Sun's center, only 
E, conſequence of the ſuppoſition that the plane 


he fixed ſtars, and that it's nodes remain in the 
me places where they were found in the year 
1639. But if Venus, in the year 1761, ſhould 
move over the Sun in a path more to the ſouth, 
i will be manifeſt that her nodes have moved 


at the rate of 54 minutes of a degree in 100 Julian 
more or leſs diſtant than the aboveſaid 4 minutes 


cen the durations of theſe eclipſes will be ſome- 
what leſs than 17 minutes of time, on account of 


tion of the nodes forward ſhe ſhould paſs on the 
north of the Sun's center. 1 9 
But for the ſake of thoſe, who, though they are 


delighted with ſydereal obſervations, may not yet 
of parallaxes, I chuſe to explain the thing a little 


more fully by a ſcheme, and alſo by a calculation 
| ſomewhat more accurate. V 


the viſible- path of Venus on the Sun's diſc: at 


that time declines to the ſouth, making an angle 
with the ecliptic of 8 28“; then the path of Venus 
will alſo be inclined to the ſouth, with reſpect 


to the equator, interſecting the parallels of decli- 


he Sun as this is. For we conclude, that Venus 


ff Venus's orbit is immoveable in the ſphere of 


backward among the fixed ſtars; and if more to 
the north, that they have moved forward; and that 


years, for every minute that Venus's path ſhall be 


from the Sun's center. And the difference be- 


Yenus's ſouth latitude z but greater, if by the ino- 


have made themſelves acquainted with the doctrine 


Let us ſuppoſe that at London, inthe year 1761, 
on the bth of June, at 55 minutes after Vin the 
morning, the Sun will be in Gemini 15 37, and 
therefore that at it's center the ecliptic is inclined 
toward the north, in an angle of 6 10“: and that 


nation 
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Sun (which we want) is 31“, ſuch as it comes ou 


on the center C (Plate XV. Fig. 2.) let the little 


let the right line FH G, repreſenting the path of 


whereof C B is 31. From C let fall the right line 


right line L M be equal to the difference of the 


placing both the Earth's axis B C (Fig. 2. of Plate XV.) and 


with, and the latter an angle of 89 28” ; the difference of which 


3s the inclination of Venus's viable path to the equator and 
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nation at an angle of 29 18'*®, Let us alſo ſuppoſe 
that Venus, at the forementioned time, will be 
her leaſt diſtance from the Sun's center, viz, orig 
four minutes to the ſouth; and that every hoy 
ſhe will deſcribe a ſpace of 4 minutes on the Sun. 
with a retrograde motion. The Sun's ſemidiame: 
ter will be 15' 51” nearly, and that of Venus 370 
And let us ſuppoſe, for trial's ſake, that the differ 
ence of the horizontal parallaxes of Venus with the 


wpare 
ich 
with | 
oint 
Farb 
denot 
touch 
place 
oint 
＋ 
it wi 
Gs + 
tO 1: 
over 


if the Sun's parallax be ſuppoſed 12“. Then, 


circle A B, repreſenting the Earth's diſc, be de. 
ſcribed, and let it's ſemidiameter CB be 31“; and 
let the elliptic parallels of 22 and 56 degrees of 
north latitude (for the Ganges and Port. Velſon) be 
drawn within it, in the manner now uſed by Afro. 
nomers for conſtructing ſolar eclipſes. Let BC; i 
be the meridian in which the Sun is, and to this, 


Venus, be inclined at an angle of 20 18/; and let 
it be diſtant from the center C 240 ſuch parts, 


CH, perpendicular to FG; and ſuppoſe Venus to 
be at H at 55 minutes after V in the morning, 
Let the right line F & be divided into the horary 
ſpaces III IV, IV V, V VI, &c. each equal to C 
that is, to 4 minutes of a degree. Alſo, let the 


„This was an overſight in the DoQor, occaſioned by bis 


the ax1s of Venus's orbit C H on the ſame fide of the axis of 
the ecliptic C X; the former making an angle of 6 100 there- 


angles is only 29.18”, But the truth is, that the Earth's axis 
and the axis of Venus's orbit, will then lie on different ſides of 
the axis of the ecliptic, the former making an angle of 6 
therewith, and the latter an angle of 89}, Therefore, the ſum 
of theſe angles, which is 14% (and not their difference 2* 18) 
parallels of declination, 
e 5 apparent 


ef the Planets from the Sun, 


parent ſemidiameters of the Sun and Venus, 
which is 15' 134; and a circle being deſcribed 
with the radius L M, on a center taken in any 


touch the Sun's limb internally as ſeen from the 
place of the Earth's ſurface that anſwers to the 
point aſſumed in the Earth's diſc. And if a circle 


it will meet the right line FG in the points F and 
G; and the ſpaces FH and GH will be each equal 
to 144“ which fpace Venus will appear to paſs 
over in 3 hours 40 minutes of time at London; 


it is manifeſt, that if the magnitude of the Earth, 
on account of it's immenſe diſtance, ſhould vaniſh 


cal to the ſame point C; the whole duration of 
this eclipſe would be 7 hours 20 minutes. Bur the 
Earth in that time being whirled through 110 de- 
grees of longitude, with a motion contrary to the 
motion of Venus, and conſequently the abovemen- 
tioned durration being contracted, ſuppoſe 12 mi- 
nutes, it will come out 7 hours 8 minutes, or 107 
degrees, nearly. ES 3 2, 


the eaſtern mouth of the Ganges, where the altitude 


tore will be equally diſtant from the meridian of 
that place, at the moments of the ingreſs and egreſs 


of the planet, ' viz. 532 degrees; as the points @ 
and þ (repreſenting that place in the Earth's diſc 


AB) are, in the greater parallel, from the meridian 
Cg. But the diameter ef of that parallel will be 
to the diſtance a ö, as the ſquare of the radius to 


the reftangle under the fines of 534 and 68 de- 


grees; 


* 


dint within the little circle 4 B repreſenting the 
Earth's diſc, will meet the right line FG in a point 
denoting the time at London when Venus ſhall 


de deſcribed on the center C, with the radius LM, 


therefore, F will fall in II hours 15 minutes, and 
Gin IX hours 35 minutes in the morning. Whence 


as it were into a point; or, if being deprived of a 
diurnal motion, it ſhould always have the Sun verti- 


Now, Venus will be at H, at her leaſt diſtance 
from the Sun's center, when in the meridian of 


of the pole is about 22 degrees. The Sun there- 


46 1 
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grees; that is, as 1' 2” to46” 197, And by 

good calculation (which, that I may not tire the 
reader, it is better to omit) I find, that a circle de 
ſcribed on @ as a center, with the radius L M. vil 
meet the right line F H in the point M, at Il hours 
20 minutes 40 ſeconds; but that being deſcribed 
round & as a center, it will meet I G in the point 
N at IX hours 29 minutes 22 ſeconds, accordin 
to the time reckoned at London: and therefore, 
Venus will be ſeen entirely within the Sun at the 
| banks of the Ganges for 7 hours 8 minutes 42 fe. 
conds: we have then rightly. ſuppoſed, that the 
duration will be 7 hours s minutes, ſince the Part 
of a minute here is of no conſequence. 

But adapting the calculation to Port. Nelſon, I 
find, that the Sun being about to ſet, Venus will 
enter his diſc ; and immediately after his riſing ſhe 
will leave the ſame. That place is carried in the 
intermediate time through the hemiſphere oppoſite 
to the Sun, from c to d, with a motion conſpiring 
with the motion of Venus; and therefore, the ſtay 
_of Venns on the Sun will be about 4 minutes 
longer, on account of the parallax ; fo that it wil 
be at leaſt 5 hours 24 minutes, or 111 degrees of 
the equator. And ſince the latitude of the place 
is 56 degrees, as the ſquare of the radius is to the 
rectangle. contained under the ſines 352 and 34 
degrees, ſo is A B, which is 1* 2”, to cd, which is 
28” 233". And if the calculation be juſtly made, 
it will appear, that a circle deſcribed on cas a cen- 
ter, with the radius L M, will meet the right line 
F Hin O, at II hours 12 minutes 43 ſeconds; and 
that ſuch a circle, deſcribed on d as a center, 
will meet HG in P, at IX hours 36 minutes 37 | 
ſeconds ; and therefore the duration at Port- Velſn 
will be 7 hours 23 minutes 52 ſeconds, which 4s 
greater than at the mouth of the Ganges, by 15 
minutes 10 ſeconds of time. But if Venus ſhould 
paſs over the Sun without having any latitude, the 

difference would be 18 minutes 40 ſeconds; "a 


FR 


ef \ tbe Planets from ibe Sun. 


he ſhould paſs 4" north of the Sun's center, the 
difference would amount to 21 minutes 40 ſeconds, 
and will be ſtill greater, if the planet's north lati- 
tude be more increaſed. 1 
From the foregoing hypotheſis. it follows, that 
at London, when the Sun riſes, Venus will have 
entered his diſc 3 and that, at IX hours 37 minutes 
in the morning, ſhe will touch the limb of the Sun 
internally in going off; and laſtly, that ſhe will not 
entirely leave the Sun till IX hours 56 minutes. 
It likewiſe follows from the ſame hypotheſis, 
that the center of Venus ſnhould juſt touch the Sun's 


of the parallax, it will appear 1n the northern parts 
of Norway, entirely within the Sun, which then 
does not ſet to thoſe parts; / whilſt, on the coaſts 
of Peru and Chili, it willſeem to travel over a ſmall 
portion of the diſc of the ſetting Sun; and over 
that of the riſing Sun at the Molucca Mands, and 


is ſome reaſon to believe from ſame later obſerva- 
tions they have) then Venus will be ſeen every 
where within the Sun's diſc; and will afford a much 

better method for finding the Sun's parallax, by 


theſe eclipſes that can poſſibly happen. 


obſervations made ſomewhere in the Ea Indies, in 


the year 1961, both of the ingreſs and egreſs of 
Venus, and compared with thoſe made in it's going 


off wirb us ; namely, by apply ing the angles of a 


triangle given in ſpecie to the circumference of 


three equal circles; ſhall be explained on ſome 


other gccafion.- . eee 
„ * 
ARTICLE 


northern limb in the year 1769, on the third of 
June, at XI o'clock at night. So that, on account 


in their neighbourhood. —Burt if the nodes of Ve- 
nus be found to have a retrograde motion Tas there 


| almoſt the gaeateſt difference in the duration of 


But how. this parallax may be deduced from 5 


4563 


} 
1 
$64 
Y | 
4 


464 


Shewing that the whole method propoſed by the Doty 


thereby, provided it be not leſs than 12%; that 
there may be a good obfervation made at Port. 


pectations too high, and yet, from his well-known 


upon his method, than he ever deſired them to do. 
Only, as he was convinced it was the beſt method 


whether the nodes of Venus's orbit have any mo- 
ward or forward with reſpect to the ſtars. And 
conſequently, having not then made his own tables, 
he was obliged to calculate from the beſt that he 
could find. But thoſe tables allow of no motion to 
with the Sun to be about half an hour too late. 


the nodes of Venus's orbit have a motion, back - 


1 
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ARTICLE IV. 


cannot be put in practice, and why, 


27. In the above Diſſertation, the Doctor ha 
explained his method with great modeſty, and even 
with ſome doubtfulneſs with regard to it's full ſuc. 
ceſs. For he tells us, that the Sun's parallax may! 
only be determined within it's five hundredth park 


Nelſon, as well as about the banks of the Gange; 
and that Venus does not paſs more than 4 minutes 
of a degree below the center of the Sun's diſc.— 
He has taken all proper pains not to raiſe our ex. 


abilities, and character as a great Aſtronomer, it 
ſeems mankind in general have laid greater firel 


by which this important problem can ever be 
ſolved, he recommended it warmly for that reaſon, | 
He had not then made a ſufficient number of ob- 
ſervations, whereby to determine, with certainty, | 


tion at all; or, if they have, whether it be back- | 


Venus's nodes, and alſo reckon her conjunction 
28. But more modern obſervations prove, that 


ward, or contrary to the order of the ſigns, wit 
reſpect to the fixed ſtars. And this motion is al- 
lowed for, in the Doctor's tables, a great pat 


whereof were made from his own _— 
N 1 : 


.. of. the Planets from the Sun; 


And it appears by theſe tables, that Venus will be 
© much farcher / paſt her deſcending node at the 
time of this tranſit, than ſhe was paſt her aſcending 
node at her tranſit in November 1639, that inſtead 
of paſſing only four minutes of a degree below the 
Syn's center in this, ſhe will paſs almoſt 10 minutes 
of a degree below it: on which account, the line 
of her tranſit will be ſo much ſhortened, as will 
make her paſſage over the Sun's diſc about an 
hour and 20 minutes leſs than if ſhe paſſed only 
4 minutes below the Sun's center, at the middle of 
her tranſit. . And therefore, her parallax from the 
Sun will be ſo much diminiſhed, both at the be- 
ginning and end of her tranſit, and at all places 
from which the whole of it will be ſeen, that the 
difference of it's durations, as ſeen from them, and 
as ſuppoſed to be ſeen. from the Earth's center, 
will not amount to 11 minutes of time. FREE 


will begin before the Sun ſets to Port- Nelſon, it will 
be quite over: before: he riſes to that place next 


than as given by the tables to which the Doctor 
was obliged to truſt, So that we are quite de- 
prived of the advantage that otherwiſe would have 
ariſen from obſervations made at Port- Nelſon. 

intrieacies, and to render it as intelligible to the 
lity of dwelling, much longer upon it than I could 
down: truly the parallels of latitude, and the ſitua- 
W diſc of the Earth as muſt be projected in ſuch a 


meaſure thereby the exact times of the beginning 
and ending of the tranſit at any given place, unleſs 


the Sun's diſc be made at leaſt 30 inches diameter 
in the projection; and to which the Doctor did not 


quite truſt without making ſome calculations; 1 


i 


29. But this is not all: for although the tranſit 


morning, on account of it's ending ſo much ſooner 


30. In order to trace this affair through all it's 
reader as I can,'there will be an unavoidable neceſ- 
otherwiſe wiſn. And as it is impoſſible to lay 
tions of places at particular times, in ſuch a ſmall 


ſort of diagram as the Doctor has given, ſo as to 


N | hall 
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ſhall take a different method, in which the Earth 


- 


The Method of finding the Diſtances 


diſc may be made as large as the operator pleaſe;: - 
but if he makes it only 6 inches in diameter, he ma [ 
meaſure the quantity of Venus's parallax from the II. 
Sun upon it, both in longitude and latitude, to the q 
fourth part of a ſecond, for any given time and 111. 
place; and then, by an eaſy calculation in th iv. 
common rule of three, he may find the effeq ol + 
the parallaxes on the duration of the tranſit, lu v. 
this, I ſhall firſt ſuppoſe with the Doctor, that the 
| Sun's horizontal parallax is 12/5; and conſequently, VI 
that Venus's horizontal parallax from the Sun ig VI 
31”, And after projecting the tranſit, fo as to find \ 
the total effect of the parallax upon it's duration, | 
1 ſhall next ſhew how nearly the Sun's real parallax | 
may be found from the obſerved intervals between 
the times of Venus's egreſs from the Sun, at par. 
ticular places of the Earth; which is the method 
now taken both by the Engliſb and French Aſtro- V] 
nomers, and is a ſurer way whereby to come at the 
real quantity of the Sun's parallax, than by obſery. 
ing how much the whole contraction of duration 
of the tranſit is, either at Bexcoolen, Batavia, ot 
Pondicherry. bg 125 8 5 
: NPT [: 
Shewing how 40 project the tranſit of Venus on the 
Sun's diſc, as ſeen from different places of the Earth, 
fo as to find what it's viſible duration muſt be a 
any given place, according to any aſſumed parallax 
of the Sun; and'from the obſerved intervals between ) 
the times of Venus's egreſs from the Sun at particua 
places, to find the Sun's true horizontal parallax. : 


31. The elements for this projection are as fol 
lows : x 125 1 r 8 
I. The true time of conjunction of the Sun and 
Venus; which, as ſeen from the Earth's centeh 
and reckoned according to the equal time 4 
E 1 4 London, 


* 


* the Planets from the Sun. 


E is on the 6th of June 1761, at 46 minutes 
17 ſeconds after Vin the raing, according to 
Dr. HALLEY'S tables. 

II. The geocentric latitude of Venus at that time, 
0 43“ ſouth. | 

III. The Sun's ſemidiameter, 15' 50%. 

IV. T he ſemidiameter of Venus (from the Doe 
tor's Diſſertation) 374 

EY. The difference of the ſemidiameters of the Sun 
and Venus, 15' 12/2. 

VI. Their ſum, 16' 25%. 


with the ecliptic, 8 31/; the angular point (or 
deſcending node) being 1 6' 18” eaſtward from 
the Sun, as ſeen from the Earth ; the deſcend- 
ing node being in 2 14 29 37”, as een from 


ſeen from the Earth. 
VIII. The angle which the Axis of Venus's viſible 


the ſouthern half of that axis being on the left 
hand (or eaſtward) of the axis of the ecliptic, 
as ſeen from the northern hemiſphere of the 
Earth, which would be to the right hand, as 
leen from the Sun. | 


the axis of the ecliptic, as ſeen from the Sun, 
60; the ſouthern half of the Earth's axis lying 
to the right hand of the axis of the ecliptic, in 


as ſeen from the Sun. 
X. The angle which the Earth's axis makes wich 


the ſum of No VIII and IX. 


by the tables as if it were ſeen from the Earth's 


Time, 


VII. The viſible angle which the tranſit-line makes a 


the Sun; and the Sun in n 13 35 55's as 


path makes with the axis of the ecliptic, 80 310; 


IX. The angle which the Earth's axis makes with 


the projection, which would be to the left hand 


the axis of Venus's viſible path, 149 31“; viz. 
XI. The true motion of Venus on the Sun, given 


center, 4 minutes of a degree in 60 minutes of 


H A 32. Theſe 
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conjunction with the Sun. ; 
36. Draw the right line CBD, making an angle 


equal parts q and t r. 


The Method of finding the Diftances 


32. Theſe elements being collected, make: 


ſeale of any convenient length, as that of Fig. 


in Plate XVI. and divide it into 17 equal part 
each whereof ſhall be taken for a minute of à de. 
gree; then, divide the minute next to the left 
hand into 60 equal parts for ſeconds, by diagony 
lines, as in the figure. The reaſon for dividing 
the ſcale into 17 parts or minutes is, becauſe the 


ſum of the ſemidiameters of the Sun and Venus 


exceeds 16 minutes of a degree. See No VI. 
323. Draw the right line ACG (Fig. 2.) for: 


ſmall part of the ecliptic, and perpendicular there. 
to draw the right line C E for the axis of the 


[ecliptic on the ſouthern half of the Sun's diſc, 
34. Take the Sun's ſemidiameter, 15” 50% from 


the ſcale with your compaſſes; and with that extent, 
as a radius, ſet one foot in Cas a center, and de- 
ſcribe the ſemicircle A EG for the ſouthern half of 


the Sun's diſc; becauſe the tranſit is on that half 


of the Sun. 


35. Take the geocentric latitude of Venus, 9 
43”, from the ſcale with your compaſſes; and ſet 


that extent from C to v, on the axis of the eclip- 
tic: and the point v ſhall be the place of Venus 


center on the Sun, at the tabular moment of her 


of 80 31“ with the axis of the ecliptic, towards the 


left hand; and this line ſhall repreſent the axis of 


Venus's geocentric viſible path on the Sun. 
37. Through the point of the conjunction v, in 
the axis of the ecliptic, draw the right line 317 for 
the geocentric viſible path of Venus over the Sun“ 
diſc, at right angles to CBD, the axis of her orbit, 
which axis will divide the line of her path into tuo 

38. Take Venus's horary motion on the Sun, 
4, from the ſcale with your compaſſes; and wii 


that extent make marks along the tranſit-line 207 


The equal ſpaces, from mark to mark, ſhew 5 
555 955 muc 


/ 


of the Planets from the Sun. 


much of that line Venus moves through in each 
Poor, as ſeen from the Earth's center, during her 
continuance on the Sun's diſc. 

29. Divide each of theſe horary ſpaces, from 
mark to mark, into 60 equal parts for minutes of 
time; and ſet the hours to the proper marks in ſuch 


Sun and Venus, 46 minutes after V in the morn- 
ing, may fall into the point v, where the tranſit- 


ſhall denote the place of Venus's center on the 
Sun, at the inſtant of her ecliptical conjunction 
with the Sun, and t (in the axis Cf D of her orbit) 


minutes after V in the morning, as ſeen from the 
Farth's center, and reckoned by the equal time at 
SE. Eoi-51, 353 
40. Take the difference of the ſemidiameters of 
the Sun and Venus, 13“ 12%, in your compaſſes 
from the ſcale; and with that extent, ſetting one 
foot in the Sun's center C, deſcribe the arcs N and 
7 with the other, croſſing the tranſit-line in the 
points x and 1; which are the points on the Sun's 
diſc that are hid by the center of Venus at the mo- 
ments of her two internal contacts with the Sun's 
limb or edge, at M and N: the former of theſe is 
the moment of Venus's total ingreſs on the Sun, 
as ſeen from the Earth's center, which is at 28. 
minutes after II in the morning, as reckoned at 


2 O 
London; and the latter is the moment when her 


contacts is 5 hours 52 minutes. 


the moment when her center is on the Sun's eaſtern 


limb at a, which is at 15 minutes after II in the 
morning; and her central egreſs from the Sun is 
the moment when her center is on the Sun's weſtern 


limb at w; which is at 33 minutes after VIII in 
3 n 3 ( e 


manner, that the true time of conjunction of the 


line cuts the axis of the ecliptic. So the point v_ 


will be the middle of her tranſit; which is at 24 


egreſs from the Sun begins, as ſeen from the Earth's 
center, which is 20 minutes after VIII in the morn- 
ing at London. The interval between theſe two 


41. The central ingreſs of Venus on the Sun is 
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ments is 6 hours 42 minutes. 


ters, deſcribe the circles HS, MI, OF. PN, WY, 
middle of her tranſit, her beginning of egreſs at M, 
diſc on the Sun, round the center C, and to lay 
draw Cf for the axis of the Earth, produced to the | 


mark the places on that diſc, unleſs he makes the 


wiſe the line C is of no uſe at all in this projec- 
tion.—The following method is better. 


of any convenient length, and divide it into 31 
& hart parts, © each whereas ſhall be 2 for a 25 
0 


The Method of finding the Diftonce 


the morning, as ſeen from the Earth's center, 1nq 
reckoned according to the time at London. The 
interval between theſe times is 6 hours 18 minute, 
42. Take the ſum of the ſemidiameters of the 
Sun and Venus, 16' 273, in your compalles from 
the ſcale; and with that extent, ſetting one foot in 
the Sun's center C, deſcribe the arcs Land R yith 
the other, cutting the tranſit line in the points q and 
7, which are the points in open ſpace (clear of the 
Sun) where the center of Venus is, at the moments 
of her two external contacts with the Sun's limb 
at & and V; or the moments of the beginning and 
ending of the tranſit, as ſeen from the Earth's cen. 
ter; the former of which is at 3 minutes after || 
in the morning at London, and the latter at 45 mi. 
nutes after VIII. The interval between thele mo- 


43. Take the ſemidiameter of venus, 3% 5 in 
your compaſſes from the ſcale; and with that ex- 
tent as a radius, on the points 3, X, 4, /, r, as cen- 


for the diſc of Venus, at der firſt contact at 5, her 
total ingreſs at M, her place on the Sun at the 


and her laſt contact at . 
44. Thoſe who have a mind to project the Earth's 


down the parallels of latitude and ſituations of places 
thereon, according to Dr. HaLLey's method, may 


ſouthern edge of the Sun at F; and making an 
angle ECf of 6* with the axis of the ecliptic CE: 
but he will find it very difficult and uncertain to 


Sun's ſemidiameter AC 1 5 inches at leaſt : other- 


45. In Fig. 3. of Plate XVI. make the line AB 


of the Planets from the Sun. 


i Venus's parallax either from or upon the Sun 
her horizontal parallax from the Sun being ſup- 
poſed to be 31“); and taking the whole length 
4B in your compaſſes, ſet one foot in C (Fig. 4.) 
3j 4 center, and deſcribe the circle AE BD for the 
Earth's enlightened diſc, whoſe diameter is 62”, or 
double the horizontal parallax of Venus from the 
Sun. In this diſc, draw AC B for a ſmall part of 
the ecliptic, and at right angles thereto draw ECD 
for the axis of the ecliptic. Draw allo VCS both 
for the Earth's axis and univerſal folar meridian, 
making an angle of G with the axis of the ecliptic, 
as ſeen from the Sun; HCI for the Axis of Venus's 
orbit, making an angle of 80 31' with ECD, the 
axis of the ecliptic ; and laſtly, YCO for a ſmall 
part of Venus's orbit, at right angles to it's axis. 
46. This figure repreſents the Earth's enlight- 
ened diſc,” as ſeen from the Sun at the time of the 
tranſit, The parallels of latitude of London, the 
eaſtern mouth of the Ganges, Bencoolen, and the 


fame manner as they would appear to an obſerver 
on the Sun, if they were really drawn in circles on. 
the Earth's ſurface (like* thoſe on a common ter- 


tance, =The method of delineating theſe parallels 


ter, for the conſtruction of ſolar ecliples, 
47. The points where the curve-lines (called 
| hour-circles) XI N. X NV, &c. cut the parallels of 
laritude, or paths of the four places above-· men- 
tioned, are the points at which the places them< 
ſelves would appear in the diſc, as ſeen from the 
Sun, at theſe hours reſpectively. When either 
place comes to the ſolar meridian VCS by the 
Earth's rotation on it's axis, it is noon at that place; 
and the difference, in abſolute time, between the 
noon at that place and the noon at any other place, 


is in proportion to the difference of longitude of 
theſe two places, reckoning one hour for every 15 


j 


iand of 87. Helena, are laid down in it, in the 


reſtrial globe) and could be viſible at ſuch a diſ- 
is the ſame as already deſcribed in the XIX th Chap- 
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WM 


472 


degrees of longitude, and 4 minutes for each de- 


that, to all the places which are poſited in the he- 


nus has an eaſtern parallax of longitude ; but when 


is weſtward. 


ginning of. egreſs, as ſeen from the Earth's center; 


to from the time of total ingreſs or beginning of 


mainder will be the time as ſeen from the given 


axis of the ecliptic, and perpendicular thereto; and the paral- 


the former edition, | 


7 


1 


The Metbod of finding the Diſtances 


gree : adding the time if the Tongitude be eaſt, who 
but ſubtracting it if the longitude be weſt, 1 

48. The diſtance of either of theſe places fron WM war 
HCI (the axis of Venus's * orbit) at any hour or 
part of an hour, being meaſured upon the ſcale WM ter. 
AB in Fig. 3. will be equal to Venus's par llax in 
longitude, either on or Fans the Sun; and this Wl 
parallax, being always contrary to the poſition of 
the place, is eaſtward as long as the place keeps 
on the left hand of the axis of the ecliptic, as ſcen tue 
from the Sun; and weſtward when the place gets 
to the right hand of the axis of the ecliptic So 


miſphere H T of the diſc, at any given time, Ve. | 


the Earth's diurnal motion carries the ſame places 
into the hemiſphere HO, the parallax of Venus 


49. When Venus has a parallax toward the eaſt, | 
as ſeen from any given place on the Earth's fur- W 
face, either at the time of her total ingreſs or be- 


add the time anſwering to this parallax to the time 
of ingreſs or egreſs at the Earth's center, and'the 
ſum will be the time thereof, as ſeen from the given 
place on the Earth's ſurface : but when the paral- 
lax is weſtward, ſubtract the time anſwering there- 


egreſs as ſeen from the Earth's center, and the re- 
Place on the ſurface, ſo far as it is affected by this 


* In the former Edition of this, I made a miſtake in taking 
the parallax in longitude in a line from the given place to the 


Jax in latitude from the given place to the plane of the eclip- 
tic, and perpendicular thereto,---But in this edition, theſe er- 
rors are corrected; which make ſome ſmall differences iu the 
quantities of the parallaxes, and in the times depending there- 
on ; as will appear by comparing them in this with thoſe in 


* 


5 parallax, 


*% 


of the Planets from the Sun: 


arallax.— The reaſon of this is plain to every one 


who conſiders, that an , eaſtern parallax keeps the 
lanet back, and a weſtern parallax carries it for- 
ward, with reſpect to it's true place or poſition, at 
any inſtant of time, as ſeen from the Earth's cen- 
ter. | LENT, N 
50. The neareſt diſtance of any given place from 


VCO, the plane of Venus's orbit at any hour or 
part of an hour, being meaſured on the ſcale 4 B 


in Fig. 3, will be equal to Venus's parallax in lati- 


tude, which is northward from the true line of her 


path on the Sun as ſeen from the Earth's center, 
if the given place be on the north ſide of the plane 


of her orbit YCO on the Earth's diſc; and the 
contrary, if the given place be on the north ſide of 


that plane; that is, the parallax is always contrary 
to the ſituation of the place on the Earth's diſc, 


with reſpect to the plane of Venus's orbit thereon. 


51. As the line of Venus's tranſit is on the 
ſouthern hemiſphere of the Sun's diſc, it is plain 
that a northern parallax in her latitude will cauſe 
her to deſcribe a longer line on the Sun, than if 


ſhe had no ſuch parallax z and a ſouthern parallax 
in latitude will cauſe her to deſcribe a ſhorter line 


on the Sun, than if ſhe had no ſuch parallax, — 
And the longer this line is, the ſooner will her total 
ingreſs be, and the later will be her beginning of 


egreſs; and juſt the contrary, if the line be ſhort- 


er. — But to all places ſituated on the north ſide of 
the plane of her orbit, in the hemiſphere / HO, the 


parallax of latitude is ſouth; and to all places ſitu- 


ated on the ſouth ſide of the plane of her orbit, in 
the hemiſphere Y.TO, the parallax of latitude is 


north. Therefore, the line of the tranſit will be 
ſhorter to all places in the hemiſphere / HO, than 

it will be as ſeen from the Earth's center, where 
there is no parallax at all; and longer to all places 


in the hemiſphere / IO. So that the time anſwering 
to this parallax muſt be added to the time of total 


ingreſs as ſeen from the Earth's center, and ſubtract- 


ed 
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ſervations, that we can make no doubt of it's being 


her be 


cd at London. 


78 Method of finding the Diſtances 


ed from the beginning of egreſs as ſeen from oli 


Earth's center, in order to have the true time off 
total ingreſs and beginning of egreſs as ſeen from 


places in the hemiſphere Y HO: and juſt the reverſel 
for places in the hemiſphere Y 10.—lt was proper to 
mention thele circumſtances; for the reader's more 


eaſily conceiving the reaſon of applying the times 
anſwering to the parallaxes of longitude and lati-M 
tude in the ſubſequent part of this article: for it is 


their ſum in ſome cales, and their difference inf 


others, which being applied to the times of total 
ingreſs and beginning of egreſs as ſeen from the 
Earth's center, that will give the times thereof as 
ſeen from the given places on the Earth's ſurface, I 
52. The angle which the Sun's ſemidiameter 
ſubtends, as ſeen from the Earth, at all times of 
the year, has been ſo well aſcertained by late ob- 
L5' 50'' on the day of the tranſit; and Venus's Jati- 
tude has alſo been ſo well aſcertained at many dif- 
ferent times of late, that we have very good rea- 
ſan to believe it will be 97 43“ ſouth of the Sun's 
center, at the time of her conjunction with the 


Sun. EI then, her ſemidiameter at that time be 


37% (as mentioned by Dr. HaLLey) it appears 
by the projection (Fig. 2.) that her total ingreſs on 
the Sun as ſeen from the Earth's center, will be 
at 28 minutes after II in the morning ($F-40.) and 
ginning of egreſs from the Sun will be 20 
minutes after VIII, according to the time reckon - 
53. As the, total ingreſs will not be viſible at 
London, we ſhall not here trouble the reader about 


Venus's parallax at that time.—But by projecting 


the ſituation of London on the Earth's diſc (Fig. 4. 
for the time when the egreſs begins, we find it will 
then be ar /, as ſeen from the Sun: ATED 


Draw Id parallel to Venus's orbit / CO, and /s 


perpendicular to it: the former is Venus's eaſtern 


parallax in longitude at her beginning of egal 
a. 0 


\ 


of the Planets from the SUN, 


nd the latter is her ſouthern parallax in latitude 
it that time. Take theſe in your compaſſes, and 
meaſure them on the ſcale 4B (Fig. 3.) and you 


the parallax in latitude to be 21". 

54. As Venus's true motion on the Sun is at the 
ate of 4 minutes of a degree in-60 minutes of 
time (See No XI. of § 31.) fay, as 4 minutes of a 


degree to 2 minutes 41 ſeconds of time; which 


this parallax is eaſtward, § 49.) gives VIII hours 
12 minutes 41 ſeconds, for the beginning of egreſs 


43 Venus has a ſouthern parallax of latitude at that 
ime, her beginning of egreſs will be ſooner; for 
this parallax ſhortens the line of her viſible tranſit 
at London. | 


add it to Venus's latitude 9' 43”, and the ſum will 
be 10 4%; which is to be taken from the ſcale 
in Fig. 1. and fer from C to L in Fig. 2. And 
then, if a line be drawn parallel to 71, it will ter- 
minate at the point p in the arc 7, where Venus's 
center will be at the beginning of her egreſs as ſeen 
from London *. But as her center 1s at / when her 
egreſs begins as ſeen from the Earth's center, take 
Lp in your compaſſes, and ſetting that extent from 


It to be 5 minutes ſhorter than 1: therefore ſub- 
at 5 minutes from VIII hours 22 minutes 41 
kconds, and there will remain VIII hours 17 mi- 


In the morning at London. 


and Se, Helena, are not parallel to the central tranſit-line & fl, 
ls, becauſe the parallaxes in latitude are different at the times 
of ingreſs and egreſs, as ſeen from each of theſe places. The 
method of drawing theſe lines will be ſhewn by and by. 


vill find the parallax in longitude to be 10''2, and 


degree is to 60 minutes of time, ſo is 10% of a 


being added to VIII hours 20 minutes (becauſe 


it London, as affected only by this parallax. —Bur, 


55. As this parallax of latitude is 21”. ſouth, 


towards / on the central tranſit- line, you will find 


nutes 41 ſeconds for the viſible beginning of egreſs 


* The reaſon why the line o L 5, BZ, ct, and #6, which 
ne the vißble tranſits at London, the Ganges mouth, Bencoolen, 


56. A 


455 
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*56. At V hours 24 minutes (which is the mid. 
dle of the tranſit as ſeen from the Far h's center! 
London will be at L on the Earth's diic (Fig. 4.) 
as ſcen fiom the Sun. The parallax of longitude 
La is then 2%; by which, working as. above di. 
rected, we find the middle of the tranſit, as ſeen 
from London, to be ar V hours 20 minutes 61 
ſeconds.—T his is not affected by the parallax of 
latitude Lt. - But Li meaſures 27“ on the ſcale 
AB (Fig. 3.) therefore take 27“ from the ſcale 

in Fig. 1. and ſet it from # to L, on the axis of 
Venus's path in Fig. 2. and laying a ruler to the 
point L, and the above found point of egreſs p, dray 
o Lp ſor the line of the tranſit as ſeen from London. 

57. Theeaſtern mouth of the river Ganges is 99 
degrees eaſt tram the meridian of London; andi 
therefore, when the time at London is 28 minutes 
after II in the morning (5 40.) it is 24 minutes paſt 
VII in the morning (by $ 47.) at the mouth of 
the Ganges; and when it is 20 minutes paſt VIII 
in the morning at London (F 40.) it is 16 minutes 
paſt II in the afternoon at the Ganges. Therefore, 
by projecting that place upon the Earth's diſc, a 
ſeen from the Sun, it will be at G (in Fig. 4.) at 
the time of Venus's total ingreſs, as ſeen from the 
Earth's center, and at g when her egreſs begins, 

Draw Ge and gr parallel to the orbit of Venus 
VCO, and meaſure them on the ſcale AB in Fig. 3. 
the former will be 21“ for Venus's eaſtern parallax 
in longitude, at the above-mentioned time of her 
total ingrels, and the latter will be 16% for her] 
weſtern parallax in longitude at the time when her] 
egreſs hegins.— The former parallax gives 5 minutes 
13 ſeconds of time (by the analogy in 5 54.) to be 
added to VIII hours 24 minutes, and the latter pa. 
rall x gives 4 minutes 11 ſeconds to be ſubtracted 
from II hours 16 minutes; by which we have VIII 
hours 29 minutes 15 ſeconds, for the time of total 
ingreſs as ſeen from the banks of the Ganges, wy 
1 
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WT jours 11 minutes 49 ſeconds for the beginning of 
areſs, as affected by theſe parallaxes. 

"Draw G f perpendicular to Venus's orbit, 7 OC, 
and by meaſurement on the ſcale A B (Fig. 3.) it will 
de found to contain 10“; which being taken from 
the ſcale in Fig. 1. and ſet off ſouthward from the 
point of total ingreſs & (Fig. 2. as ſeen from the 
Earth's center) parallel to the àxis of Venus's path, 
it will fall into the point c on the arc N.—Draw 
Ct, and taking the extent fc in your compaſſes, 
and applying it from ? towards &, you will find it 
to fall a minute ſhort of &; which ſhews, that 
Veaus's parallax in latitude ſhortens the begin- 
ning of the line of her viſible tranſit at the Ganges 
by one minute of time. Therefore, as this makes 
the viſible ingreſs a minute later, add one minute 
to the above VIII hours 29 minutes 15 ſeconds, 


for the time of total ingreſs, in the morning, as 
ſeen from the eaſtern mouth of the Ganges. At 
the beginning of egreſs, the parallax of latitude 
ep is 2% (by meaſurement of the ſcale 4 B) which 
will protract the beginning of egreſs by about 30 


the above II hours 11 minutes 49 ſeconds, which 
will make the viſible beginning of egreſs to be at 
II hours 12 minutes 19 ſeconds in the afternoon. 
58. Bencoolen is 102 degrees eaſt from the meri- 
dian of London; and therefore, when the time is 
28 minutes paſt II in the morning at London, it is 
16 minutes paſt IX in the morning at Bencoolen; 


noon at Bencoolen. Therefore, in Fig 4. Bencoolen 
vill be at B at the time of Venus's total ingreſs as 
ken from the Earth's center; and at + when her 
egreſs begins. „ 1 N 
Draw Bi and 54 parallel to Venus's orbit / CO, 
and meaſure them on the ſcale: the former will be 
found to be 22“ for Venus's eaſtern parallax in 


and it will give VIII hours 30 minutes 15 ſeconds 


ſeconds of time, and muſt therefore be added to 


and when it is 20 minutes paſt VIII in the morn- 
ing at London, it is 8 minutes paſt III in the after- 
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5 minutes 30 ſeconds (by the analogy in 9 34.) 
be added to IX hours 16 minutes, and the lata 


from III hours 8 minutes; whence we have [fl 
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longitude at the time of her total ingreſs; and i 
latter to be 19/5 for her weltern parallax in 10, M 
rude when her egreſs begins, as ſeen from 
Earth's center. The firſt of theſe parallaxes oiy 


parallax gives 4 minutes 52 ſeconds to be ſubtraadl 


hours 21 minutes 30 ſeconds for the time of tou 


| Ingrels at Bencoolen: and III hours and 3 minut 6 
8 ſeconds for the time when the egreſs begins ther total 
as affected by theſe two parallaxes. be 
509. Draw B and m perpendicular to Venue but 
orbit YC O, and meaſure them on the ſcale 4 inne 
the former will be 5” for Venus's northern parallel tou 
in latitude as ſeen from Bencoolen at the time u! 
her total ingreſs; and the latter will be 15% f er: 
her northern parallax in latitude when her egre ee. 
begins. Take theſe parallaxes from the ſcale i titu 
Fig. 1. in your compaſſes, and ſet them off aboy b 
the central tranſit- line perpendicular to the axii Gar 
of Venus's path; the former from the left hand oi is 0 
& (Fig. 2.) to à in the arc NM, and the latter from mir 
the right hand of J to à in the arc 7; and dra Eat 
4 B for the line of Venus's tranſit as ſeen fro as | 
Bencoolen: the center of Venus being at a, as ſee 
from Bencoolen, at the moment of her total ingreſs Wi im: 
and at þ at the moment when her egreſs begins. be 
But as ſeen from the Earth's center, the centeſ fect 

of Venus is at & in the former caſe, and at / in ide 
latter: fo that we find the line of the tranſit L. 
longer as ſeen from Bencoolen than as ſeen from tt 
Earth's center, which is the effect of Venus's nor 't | 
thern parallax in latitude.— Take Ba in your com io 
paſſes, and ſetting that extent. backward from | | 
toward g, on the central tranſit-line, you will fine Hy 
it will reach two minutes beyond & thereon : andi tie 
taking the extent B& in ydur compaſſes, and ſeth an 
ting it forward from t towards w, on the central tuc 


tranſit-line, it will be found to reach 3 minutes 


beyond 
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beyond thereon. Conſequently, if we ſubtra& 
minutes from IX hours 21 minutes 30 ſeconds 
(above found), we have IX hours 19 minutes 30 
kconds, in the morning, for the time of total in- 


utes to the above found III hours 3 minutes 8 
econds, we ſhall have III hours 6 minutes 8 
kconds after noon, for the time when the egreſs be- 
ins as ſeen from Benceolen. F 


tal ingreſs to beginning of egreſs, as ſeen from 
the Earth's center, is 5 hours 32 minutes (by § 40.) 
but the whole duration from total ingreſs to begin- 
ing of egreſs, as ſeen from Bencoolen, is only 5 
hours 46 minutes 38 ſeconds; which is 5 minutes 
22 ſeconds leſs than as ſeen from the Earth's cen- 


effect of the parallaxes (both in longitude and la- 
tude) on the duration of the tranſit at Bencoolen. 


Ganges, from ingreſs to egreſs, is {till leſs ; for it 
is only 5 hours 42 minutes 4 ſeconds: which is 9 
minutes 56 ſeconds leſs than as ſeen from the 
Earth's center, and 4 minutes 34 ſeconds leſs than 
as ſcen at Bencoolen, | | 

61, The iſland of St. Helena (to which only a 
mall part of the tranſit is viſible at the end) will 
be at H (as in Fig, 4.) when the egreſs begins as 
ken from the Earth's center. And ſince the mid- 


London, and the ſaid egreſs begins when the time 
at London is 20 minutes paſt VIII in the morning, 


morning at St. Helena. | 


Ho perpendicular to it ; and by meaſuring them on 
the ſcale A B (Fig.-3.) the former will be found to 
amount to 29” for Venus's eaſtern parallax in longi- 
tude, as ſeen from St. Helena., when her egreſs be- 


gels as ſeen from Bencoolen : and if we add 3 mi- 


bo. The whole duration of the tranſit, from 


tr: and this. 5 minutes 22 ſeconds is the whole 


But the duration as ſeen at the mouth of the 


dle of that iſland is 6* weſt from the meridian of 


t will then be only 56 minutes paſt VII in the 
Draw Hu parallel to Venus's orbit / CO, and 


Sins 
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| gins as ſeen from the Earth's center; and the latter 


that time. 


ſeconds for the beginning of egreſs at St, Helena, 
as affected by this parallax.—But 6” of parallax in 


ſeconds, gives VIII hours 7 minutes 2 ſeconds for 


times into a ſmall table, that they may be ſeen at 


| The Earth's center II 28 M VIII 20 oM. 


j Bencpolen - = [IX 19 3c III 6 84 5 46 38 


are reduced to the meridian of London, by ſub- 
tracting 5 hours 56 minutes from the times of in- 
greſs and egreſs at the Ganges; 6 hours 48 minutes 


» This duration, as ſeen from the Earth's center, is on ſup- 


taQs, as ſeen from the Earth's center, will be 5 hours 59 


places, will be lengthened very nearly in the ſame proportion. 


© 
x 
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to be 6“ for her northern parallax in latitude ack 
By the analogy in 54, this parallax of longitude 
gives o minutes 2 ſeconds of time; which being! 
added (on account of it's being eaſtward) to VII 
hours 56 minutes, gives VIII hours 6 minutes » 


latitude (applied as in the caſe of Bencoolen) length- 
ens out the end of the tranſit-line by one minute; 
which being added to VIII hours 6 minutes 2 


the beginning of egreſs, as ſeen from St. Hweng. 
62. We ſhall now collect the above mentioned 


once, as follows. M ſignifies morning, A afternoon, 


Duration, | 
H. M. 8. 


| 5 52 off 
London - Invifible, M VIII 17 41M. — — — 


The Ganges mouth VIII 30 15M| II 12 194.| 5 42 4! 


Total ingreſs. Beg. of egreſs. 
Fay H. M. 8. 1. M. 8 


St. Helena Inviſible. VIII 7 2M| —-—— 


63. The times at the three laſt· mentioned places 


from the times thereof at Bencoolen; and adding 
24 minutes to the time of beginning of egrels at 


poſition that the ſemidiameter of Venus would be found equal 
to 37/4, on the Sun's diſc, as ſtated by Dr, Halley (ſee Art. V. 
$ 31.) to which all the other durations are accommodated.— 
But, from later obſervations, it is highly probable, that the 
ſemidiameter of Venus will be found not to exceed 30“ on the 
Sun; and if ſo, the duration between the two internal con- 


minutes; and the durations, as ſeen from the above-mentioned 


Y 


+ 
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g. Helena: and being thus reduced, they are as 
follows : ey a 5 


Total ingreſs.| Beg. of egreſs, 
| H. M. 8. H. M.'S. 
loin 9275 mouth II 34 15M. VIII 16 fuck | 


London & Bencoalen = II 31 3oM VIII 18 8M. 
for 


St. Helena = Inviſible. M. VIII 31 21M. 


64. All this is on ſuppoſition, that we have the 
true longitudes of the three laſt mentioned places, 
true latitude of Venus is given, and that her ſemi- 
diameter will ſubtend an angle of 3 on the 
Sun's diſc. . | 8 

As for the longitudes, we muſt ſuppoſe them 
true, until the obſervers aſcertain them, which is. 
a very important part of their buſineſs; and with- 


of abſolute time that elapſeth between either the 
ingreſs or egreſs, as ſeen from any two given places: 
and there is much greater dependance to be had 
on this elapſe, than upon the whole contraction of 
duration at any given place, as it will undoubtedly 
afford a ſurer baſis for determining the Sun's 
i Eben rn nin OE re 
65. I have good reaſon to believe, that the lati- 
tude of Venus, as given in & 31, will be found by 
oblervation to be very near the truth; but that the 
time of conjunction there mentioned will be found 
later than the true time by almoſt 5 minutes; that 
Venus's ſemidiameter will ſubtend an angle. of no 
more than 30“ on the Sun's diſc; and that the 
middle of her tranſit, as ſeen from the Earth's 


ing, as reckoned by the equal time at London. 


the time when the egreſs begins at London, from 
VIII hours 31 minutes 2 ſeconds, the time reckoned 
at London when the egreſs begins at St. Helena, and 
there will remain 13 minutes 21 ſeconds (or 801 

> 4 FE ſeconds) 


Durations 
as above. 


* 
— — 


that the Sun's horizontal parallax 1s 12% that the 


out which they can by no means find the interval 


center, will be at 24 minutes after V in the morn- 


66. Subtract VIII hours 17 minutes 41 ſeconds, 
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ſeconds) for their difference, or elapſe, in abſolurlf 
time, between the beginning of egreſs as ſeen from 
theſe two places. | 
Divide this elapſe of 801 ſeconds by the Sun's 
parallax 12'';, and the quotient will be 64 ſecond 
and a ſmall fraction. So that for each ſecond off 
a degree in the Sun's horizontal parallax (ſuppoſ4 
ing it to be 125) there will be a difference or elapſed 
of 64 ſeconds of abſolute time between the begin- 
ning of egreſs as ſeen from London, and as ſeen 
from St. Helena: and conſequently 32 ſeconds of 
time for every half ſecond of the Sun's parallax; 
16 ſeconds of time for every fourth part of ai 
ſecond of the Sun's parallax ; 8 ſeconds of time 


for the eighth part of a ſecond of the Sun's paral- tin 
lax; and full 4 ſeconds for a ſixteenth part of the S 
Sun's parallax. ESD ela 
For, in ſo ſmall an angle as that of the Suns be 
parallax, the arc is not ſenſibly different from de 
either it's ſine or it's tangent : and therefore, the Will 0 
quantity of this parallax is in direct proportion to : 
the abſolute difference in the time of egreſs ariſing WW ti 
from it, at different parts of the Earth. DO 
67. Therefore, when this difference is aſcertained pl: 

by good obſervations, made at different places, and © 
compared together, the true quantity of the Suns WI 
_ parallax will be very nearly determined. For, 8 * 
ſince it may be preſumed that the beginning of I th 
egreſs can be obſerved within 2 ſeconds of it's real let 
rime, the Sun's parallax may be then found within nc 
the 32d part of a ſecond of it's true quantity; V: 
and conſequently, his diſtance may be found within if 
a 400th part of the whole, provided his parallax Wy * 
be not leſs than 12½; for 32 times 124 is 400 Wil © 
68. Bur ſince Dr. HALLEV has aſſured us, that 0 
he had obſerved the two internal contacts of the * 
planet Mercury with the Sun's edge ſo exact), b 
as not to err one ſecond in the time thereof, ve a 
may well imagine that the internal contacts ol ; 


Venus with the Sun may be obſerved with 8 
5 | en 
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great accuracy. So that we may hope to have the Rik 
abſolute interval between the moments of her be- i 
ginning of egreſs, as ſeen from London and from 
it, Helena, true to a ſecond of time; and if ſo, the N 
Sun's parallax may be determined to the 64th part « 5100 
of a ſecond, provided it be not lefs than 12/2; i 
and conſequently his diſtance may be found, within wn: | 
it's 800th part, for 64 times 124 is 800 : which 
js till nearer the truth than Dr. HaLLey expected 
it might be found, by obſerving the whole dura- 
tion of the tranſit in the Eaſt-Indies and at Port- 
Nelſon. So that our preſent Aſtronomers have ju- 
diciouſly reſolved to improve the Doctor's method, 
by _—_ only the interval between the abſolute 
times of it's ending at different places. If the 
Sun's parallax be greater or leſs than 12%, the 
elapſe or difference of abſolute time between the 
beginning of egreſs at London and St. Helena will 
be found by obſervation to be greater or leſs than 
801 ſeconds accordingly. _ Ms 5 
69. There will alſo be a great difference between 
the abſolute times of egreis at St. Helena and the 
northern parts of Ruſſia, which would make theſe 
places very proper for obſervation. The difference 
between them at Tobolſe in Siberia and at St. Helena 
| will be 11 minutes, according to De L'IsLe's map: 
at Archangel it will be but about 40 ſeconds leſs 
than at Toboliftz and only a minute and a quarter 
leſs at Peterſburg, even if the Sun's parallax be 1 
no more than 10% . At Wardbus the ſame ad- Wl 
vantage would nearly be gained as at Tobolſe: but — 
if the obſervers could go ſtill farther to the eaſt, 
to Yakoutſe in Siberia, the advantage would be 
ſill greater; for, as Mr. De L'isLE very juſtly . 
obſerves, in a memoir preſented to the French king F 
with his map of the tranſit, the difference of time 
detween Venus's egreſs from the Sun at Yakout/e 1 
and at the Cape of Good Hope will be 132 minutes. 1 
70. This method requires that the longitude of _ 
each place of obſervation be aſcertained to the i 
3 RR greateſt 1 
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clock be exactly regulated to the equal time at his 


impoſſible for the obſervers to reduce the times t 


egreſs at different places to the time at ſome given 


true meridian, for regulating the clock, to the time 


and weſt ſides of the pole: the pole itſelf being 
the middle point between theſe two ſtationary po- 


between the ſame contact, as ſeen from different 
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greateſt degree of nicety, and that each obſeryer\ 
place: for without theſe particulars it would be 


thoſe which are reckoned under any given met. 
dian; and without reducing the obſerved times of 


place, the abſolute time that elapſeth between the 
egreſs at one place and at another could not he 
found. But the longitudes may be found, by ob- 
ſerving the eclipſes of Jupiter's ſatellites; and x 


at any place, may be had, by obſerving when any} 
given ſtar, within 20 or 30 degrees of the pole, i; 
ſtationary, with regard to it's azimuth, on the eaſt 


fitions of the ſtar. And it is not material for the] 
obſervers to know exactly either the true angular 
meaſure of the Sun's diameter, or of Venus's, in 
this caſe ; for whatever their diameters be, it wil 
make no ſenſible difference in the obſerved interval} 


places. 

71. In the geometrical conſtruction of tranſits, 
the ſcale A B (Fig. 3. of Plate XVI.) may be di 
vided into any given number of equal parts, ar- 
ſwering to any aſſumed quantity of Venus's hor: 
zontal parallax from the Sun (which is always tie 
difference between the horizontal parallax of Venus 
and that of the Sun) provided the whole length af 
the ſcale be equal to the ſemidiameter of the Earth 
diſc in Fig. 4.—Thus, if we ſuppoſe Venus's hott 
zontal parallax from the Sun to be only 26" (in- 
ſtead of 31“) in which caſe the Sun's horizontal 
parallax muſt be 10“. 3493, as in & 20, the reſt of 
the projection will anſwer to that ſcale : as CD, 
which contains only 26 equal parts, is the fame 
length as AB, which contains 31. And by work- 
ing in all other reſpects as taught from $ 55 

bw | | ö 
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6 62, you will find the times of total ingreſs and 1 
beginning of egreſs; and conſequently, the dura- 1710 
tion of the tranſit at any given place, which muſt 0 
reſult from ſuch a parallax. Mil 
72, In projections of this kind, it may be eaſily | 


conceived, that a right line paſſing continually ) i 
through the center of Venus, and a given point of | 1 
the Earth, and produced to the Sun's diſc, will | ö 

mark the path of Venus on the Sun as ſcen from Wi 


the given point of the Earth: and in this there are 1 
three caſes. 1. When the given point is the 11 
Earth's center, at which there is no parallax, either 
in longitude or latitude. 2. When the given point 
is one of the poles, where there 1s no parallax of 
| longitude ; but a parallax of latitude, whoſe quan- 
tity is eaſily determined, by letting fall a perpen- 
dicular from the pole upon the plane of Venus's 


orbit, and ſetting off the parallax of latitude on | i 
this. perpendicular : and here, the polar tranſit-lines Wi 

, ; Vat! 
will be parallel to the central; as the poles have M 


no motion ariſing from the Earth's diurnal rota- _ i 
tion. 3. The lalt caſe is, when the given point of 4 
the Earth is any point of it's ſurface, whoſe lati- M0 
tude is leſs than go degrees: then there is a paral- ; 14 
lax in latitude proportional to the perpendicular _ 
let fall upon the aboveſaid plane, from the given 4 
point; and a parallax in longitude proportional to ö 
the perpendicular let fall upon the axis of that 140 
plane, from the ſaid given point. And the effect ä 
of this laſt will be to alter the tranſit- line, both in * 
polition and length ; and will- prevent it's being A 
parallel to the central tranſit line, 'unleſs when it's " 
axis and the axis of the Earth coincide, as ſeen 9 
from the Sun; which is a thing that may not hap- 
pen in many ages. . 
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lines, and the numbers [hours and minutes] on 
the dotted lines, explain the whole of it ſo well, 


well laid down, for ſhewing at what places the 


will begin at ſun-riſe to any place in Africa, that is | 


map, the times are computed to the meridian of 
Paris; in this they are reduced to the meridian of 
London. 2. I have changed his meridional pro- 
apprehend, that the black curve lines, ſhewing at 


riſing or ſetting Sun, appear more natural to the 
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ARTICLE. VL 
Concerning the map of the tranfit. Plate XVII. 


73. The title of this map, and the lines drawn 
upon it, together with the words annexed to theſe 


that no Tarther deſcription ſeems requiſite, 
74. So far as I can examine the map by a good 
globe, the black curve lines are in general pretty | 05 
tranſit will begin, or end, at ſun- riſing or ſun- ſet- 
ting, to all thoſe places through which they are 
drawn, according to the times mentioned in the 
map. Only I queſtion much whether the tranſit 


welt of the Red. Sea; and am pretty certain that , 
the Sun will not be riſen to the northmoſt part of - 
Madagaſcar when the tranſit begins, as M. DBE 0 
L'IsEE reckons the firſt contact of Venus with the c 
Sun to be the beginning of the tranſit. So that X 
the line which ſhews the entrance of Venus in the 


Sun's diſc at ſun-rifing, ſeems to be a little too far 
weſt in the map, at all places which are ſouth of 
Alia Minor + but in Europe, I think it is very well. 

75. In delineating this map, I had M. Dz L'IsLz's 
map of the tranſic before me. And the only dit- 
ference between his map and this is, x. That in his 


jeRion into that of the equatorial; by which, I 
what places the tranſit begins, or ends, with the 


eye, and are more fully ſeen at once, than in the 
map from which I copied; for, in that map, the 
lines are interrupted and broke in the . 
84 * ip 4 VS ; 3 1 - , i 4 that 
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that divides the hemiſpheres; and the places where 
they ſhould join cannot be perccived fo readily by 
hoſe who are not well fkilled in the nature of ſte- 


reographical projections.— The like may be ſaid 


of many of the dotted. curve- lines, on which are 
expreſſed the hours and minutes of the beginning 


or ending of the tranſit, which are the abſolute 


times at theſe places through which the lines are 
drawn, computed to the meridian of London, 


ARTICLE VI. 


Containing an Account of Mr. Horrox's Obſervation 
of the Tranſit of Venus over the Sun, in the Year 
1639; as it is publiſhed in the Annual Regiſter 
for the Tear 1761. | ; 


»6. When Kepler firſt conſtructed his (the Ru- 
dolphine) Tables upon th- obſervations of Tycho, 
he ſoon became ſenſible that the Planets Mercury 
| and Venus would ſometimes paſs over the Sun's 


diſc; and he predicted two tranſits of Venus, one 


for the year 1631, and the other for 1761, ina 


tract publiſhed at Leipſick in 1629, entitled, Ad- 
monitio ad Mronomos, Sc. Kepler died ſome days 


vas to have happened. Gaſſendi looked for it at 
Paris, but in vain (ſee Mercurius in Sole viſus, & 
Venus inviſa.) In effect, the imperfect ſtate of the 


was expected in 1631, when none could be ob- 
ſerved; and thoſe very tables did not give reaſon 


to expect one in 1639, when one was really ob- 


ſerved. 3 
When our illuſtrious countryman Mr. Ho ROx 
firſt applied himſelf to Aſtronomy, he computed 


Ephemerides for ſeveral years, from Lanſbergiuss 
Tables. After continuing his labours for ſome 


time, he was enabled to diſcover the imperfection 
of theſe tables; upon which he laid aſide his work, 
| 134 -: intending 


before the tranſit in 1631, which he had predicted 


Rudolphine Tables was the cauſe that the tranſit 
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intending to determine the poſitions of the ſtarzl 


1639; and no longer thought the former part of 


but conſulted other tables, and particularly thoſe 


William Crabiree of Mancheſter, dated Hool, Ofivber| 


| bergius to 11 minutes; but which, according to 


happen at 3 hours 57 min. P. M. at Mancheſter, with | 
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from his own obſervations. But that the formen 
part of his time ſpent in calculating from Lanſ 
bergius might not be thrown away, he made uſe of 
his Ephemerides to point out to him the fituations 
of the planets. From hence he foreſaw when their 
conjunctions, their appulles to the fixed ſtars, and 
the moſt remarkable phenomena in the heavens 
would happen; and prepared himſelf with the 
greateſt care to oblerve them. 

Hence he was encouraged to wait for the impor. 
tant obſervation of the tranſit of Venus in the year 


his time miſpent, ſince his attention to Lay/deroinss MM 
Tables had enabled him to diſcover that the tranſit! 

would certainly happen on the 24th of November. 
However, as theſe tables had ſo often deceived! 
him, he was unwilling to rely on them entirely, 


of Kepler; accordingly, in a letier to his friend 


26, 1639, he communicated his diſcovery to him, 
and earneſtly defired him to make whatever obſer. 
vation he poſſibly could with his teleſcope, parti- 
cularly to meaſure the diameter of the planet Ve. 
nus; which, according to Kepler, would amount | 
ro 7 minutes of a degree, and according to Lan 


his own proportion, he expected it would hardly 
exceed one minute. He adds, that according to 
Kepler, the conjunction will be November 24, 1639, 
at 8 hours i minute A. M. at Mancheſter, and that 
the planet's latitude would be 14 10“ ſouth ; but 
according to his own corrections, he expected it to 


100 ſouth latitude, But becauſe a ſmall alteration 
in Kepler's numbers would greatly alter the time 
of conjunction, and the quantity of the planet's 
latitude, he adviſes to watch the whole day, and 
even on the preceding afternoon, and the ores 

| EP | 0 
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of the Planets from the Sun, 


of the 25th, though he was entirely of opinion that 9 
he tranſit would happen on the 24th. av 
After having fully weighed and examined the Alf 
ereral methods of obſerving this uncommon phe- | 
nomenon, he determined to tranſmit the Sun's | 
image through a teleſcope into a dark chamber, Fi 
rather than through a naked aperture, a method ſt! 
greatly commended by Kepler; tor the Sun's image f 
is not given ſufficiently large and diſtinct by the 
latter, unleſs at a very great diſtance from the aper- 
ture, which the narrowneſs of his ſituation would 
not allow of; nor would Venus's diameter be well | 9 
defined, unleſs the aperture were very ſmall; { 
whereas his teleſcope, which rendered the ſolar 
ſpots diſtinctly viſible, would ſhew him Venus's 
diameter well defined, and enable him to divide 
the Sun's limb more accurately. _ 

He deſcribed a circle on paper which nearly 41, 
equalled ſix inches, the narrowneis of the place not Wi 
allowing a larger ſize; but even this ſize admitted 8 N 
diviſions ſufficiently accurate. He divided the cir- Wl 
| cumference into 360 degrees, and the diameter 
into 30 equal parts, each of which were ſubdivided 
into 4, and the whole therefore into 120. The 
ſobdiviſion might have ſtill been carried farther, 
but he truſted rather to the accuracy and niceneſs 
of his eye. 1 125 5 
When the time of obſervation drew near, he 
adjuſted the apparatus, and cauſed the Sun's diſ- 
tint image exactly to fill the circle on the paper; 
and though he could not expect the planet to enter 
upon the Sun's diſc before three o'clock in the 
afternoon of the 24th, from his own corrected 
numbers, upon which he chiefly relied; yet, be- 
cauſe the calculations in general from other tables 
gave the time of conjunction much ſooner, and 
lome even on the 23d, he obſerved the Sun from 
the time of it's riſing to nine o'clock ; and again, 

a little before ten; at noon, and at one in the after- 
noon: being called in the intervals to buſineſs "d 
| | the 


* 
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the higheſt moment, which he could not negled. 
But in all theſe times he ſaw nothing on the Sun 
face, except one ſmall ſpot, which he had ſeen on 
the preceding day; and which alſo he afterward 
ſaw on ſome of the following days. 

But at 3 hours 15 minutes in the afternoon, 
which was the firſt opportunity he had of repeating 
his obſervations, the clouds were entirely diſperſed, 
and invited him to ſeize this favourable occaſion, | 
which ſeemed to be providentially thrown in his 
way ; for he then beheld the moſt agreeable ſight, 
a ſpot, which had been the object of his moſt ſan- 


guine wiſhes, of an unuſual ſize, and of a perfecty ® 
circular ſhape, juſt wholly entered upon the Sun's un 
diſc on the left ſide; fo that the limbs of the Sun Ind 
and Venus perfectly coincided in the very point of nd 
contact. He was immediately ſenſible that this WM... 
ſpot was the planet Venus, and applied himſelf 0 
with the utmoit care to proſecute his obſervations, | 4 
And, Firſt, with regard to the inclination, he 1 
found, by means of a diameter of the circle ſet per. * 
pendicular to the horizon, the plane of the circle * 
being ſomewhat reclined on account of the Sun's bh 
altitude, that Venus had wholly entered upon the A 
Sun's diſc, at 3 hours. 15 minutes, at about 625, * 
30“ (certainly between 60 and 65 from the ver- the 
tex toward the right hand. (Theſe were the ap- 5 
pearances within the dark chamber, where the te 
Sun's image and motion of the planet thereon were * 
both inverted and reverſed.) And this inclination fo 


continued conſtant, at leaſt to all ſenſe, till he had 
finiſhed the whole of his obſervation. - 
Secondly, The diſtances obſerved afterward be- 
tween the centers of the Sun-and Venus were 28 
follows. At 3 hours 15 minutes by the clock, the 
diſtance was 14' 24''; at 3 hours 35 minutes, the 
diſtance was 13' 30”; at 3 hours 45 minutes, the 
diſtance was 13' o', The apparent time of fun- 
letting was at 3 hours 50 minutes—the true time 
C FRO 3 | 3 hours 


of the Planets from the Sun. 


dove the horizon for the ſpace of 5 minutes. 
Thirdly, He found Venus's diameter, by repeated 
Mervations, to exceed a thirtieth part of the Sun's 
wameter, by a ſixth, or at moſt a fifth ſubdiviſion. 
The diameter therefore of the Sun to that of 
Venus may be expreſſed, as 30 to 1.12. lt cer- 


And this was found, by obſerving Venus as well 
when near the Sun's limb, as when farther removed 
from it. . cis fp 

The place where this obſervation was made, was 
m obſcure village called Hool, about 15 miles 


had been often determined by Horrox to be 53 20'; 
and therefore, that of Hool will be 53* 35. The 


the welt of Uraniburg. Fo 5 
Theſe were all the obſervations which the ſhort- 


moſt remarkable and uncommon ſight; all that 
could be done however in ſo ſmall a ipace of time, 
he very happily executed; and ſcarce any thing 
farther remained for him to deſire. In regard to 
the inclination alone, he could not obtain the ut- 
[moſt exactneſs; for it was extremely difficult, from 
tie Sun's rapid motion, to obſerve it to any cer- 


elſes that he neither did, nor could: poſſibly perform 


and as exact as he could wiſh. 5 
Mr. Crabtree, at Mancheſter, whom Mr. Horrox 

had defired to obſerve this tranſit, and who in ma- 

thematical knowledge was inferior to few, very 


only one ſight of Venus on the Sun's diſc, which 
vas about 3 hours 35 minutes by the clock; the 
Sun then, for the firſt time, breaking out from the 


ours 45 minutes refraction keeping the Sun 


ainly did not amount to 1. 30, nor yet to 1. 20. | 


northward of Liverpool. The latitude of Liverpool 


longitude of both ſeemed to him to he about 229 
o from the Fortunate Mands; that is 149 15' to 


neſs of the time allowed him to make upon this 


tainty within the degree. And he ingenuouſly con- 


it. The reſt are very much to be depended upon; 


readily complied with his friend's Tequeſt ; but 
the ſky was very unfavourable to him, and he had 


clouds; 
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making his intelligence. more publick ; but hi 


that time, that it does not appear that this tranſ 


nomical ſtudies with ſuch eagerneſs and preciſion 


tile, entitled, Venus in Sole viſa, in which he ſhes 
himſelf to have had a more accurate knowledge 


nua Regiſter. | 


ment of the Philoſophical Tranſactions, pag. 434) 


. farther to the ſouth than in the preceding. That 
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clouds; at which time, he ſketched out Venys 
ſituation upon paper, which Horroꝶ found to cg 
cide with his own obſervations. 

Mr. Horrox, in his treatiſe on this ſubject, pub 
liſhed by Hevelius, and from which almoſt + 
whole of this account has been collected, bop 
for pardon from the aſtronomical world, for ng 


diſcovery was made too late. He is deſirous ho 
ever, in the ſpirit of a true philoſopher, that oth; 
aſtronomers were happy enough to obſerve it, wh 
might either confirm or correct his obſervation 
Bur ſuch confidence was repoſed in the tables 1 


of Venus was obſerved by any beſides our two in 
genious countrymen, who proſecuted their aſtrg 


that they muſt very ſoon have brought their fi 
vourite ſcience to a degree of perfection unknown 
at thoſe times. But unfortunately Mr. Horrox died 
on the 3d of January 1640-1, about the age of 
25, juſt after he had put the laſt hand to his tres. 


of the dimenſions of 'the Solar Syſtem than his 
learned commentator Hevelius.— So far the An. 


In the year 1691 *, Dr. HarLey gave in a paper 
upon the tranſitof Venus (See Lowthorpe's Abridge- 


in which he obſerves, from the tables then in ule, 
that Venus returns to a conjunction with the Sun 
in her aſcending node in a period of 18 yea!s, 
wanting 2 days 10 hours 324 minutes; but that 
in the ſecond conjunction ſhe will have got 24. 4 


after a period of 235 years 2 hours 10 minutes 9 
ſeconds, ſhe returns to a conjunction more to the 
north by 11' 33”; and after 243 years, wanting 438 


* See the Conneiſance des Temps for A. D. 1761: 
3 | minutes 
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minutes in a point more to the ſouth by 13“ / gl 
pur if the ſecond conjunction is in the year next 
iter leap year, it will be a day later. 

The intervals of the conjunctions at the deſcend- 
ing node are fomewhat different, The ſecond hap- 
pens in a period of 8 years, wanting 2 days 6 hours 
5 minutes, Venus being got more to the north 
by 19 & + op After 235 years 2 days 8 hours 18 
minutes, ſhe is 9” 21” more ſoutherly : only, if the 
firſt year is a biſſextile, a day muſt be added. And 
after 243 years o days I hour 23 minutes, the 
conjunction happens 10 37” more to the north; 
and a day later, if the firſt year was biſſcxtile. It is 
ſuppoſed, as in the old ſtyle, that all the centurial 
years are biſſextiles. 

Hence, Dr. HALLE nds the years in which a 
tranſit may happen at the aſcending node, in the 
month of November (old ſtile) to be theſe 918, 
1161, 1396, 1631, 1639, 1874, 2109, 2117: and 
the tranſits in the month of May (old ſtile) at the 
deſcending node, . to be in theſe "Gott 128 3, 
1518, 1526, 1761, 1769, 1996, 2004. 

In the firſt caſe, Dr. HALLE Y makes the viſible 
inclination of Venus's orbit to be 9 5, and her 
horary motion on the Sun 4' /. In the latter, 
he finds her viſible inclination to be 8' 28”, and 
ber horary motion 40%. In either caſe, the greateſt 
poſſible duration of a tranſit is 7 hours 36 minutes. 
Dr. HaLLey could even then conclude, that it 


tas of Venus with the Sun could be meaſured to 


ſituated, the Sun's parallax might be determined 
within it's 5oodth part.— But ſeveral years after, 


which was publiſhed in the Philoſophical Tranſ- 
ations, and of which the third of the preceding 
articles is a tranſlation ; the original having been 
wrote in Latin by the Boctor. 


ARTICLE 


the interval in time between the two interior con- 


the exactneſs of a ſecond, in two places properly 


he explained this affair more fully, in a paper 
concerning the tranſit of Venus in the year 1761 


493 


494 


the Doctor's own obſervations, and thoſe which 


has computed, that the mean time at Greenwich of 
the ecliptical conjunction of the Sun and Venus 


her horary motion from the Sun 3 577.13 retro. 
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ART 1C LE VI. = | 
Containing a ſhort account of ſome obſervations of 12 in 
Tranſit of Venus, A. D. 1761, June 6th, 1, 
Stile; and the diſtances of the planets from M 
Sun, as deduced from thoſe obſervations. q + 
Early in the morning, when every aſtronome : 
was prepared for obſerving the tranfit, it unluckilM 6 
| happened, that both at London, and the Royal Ob 6; 
ſervatory at Greenwich, the ſky was ſo overcatiiill to 
with clouds, as to render it doubtful whether any A 
part of the tranſit ſhould be ſeen :—and it was 238 f 
minutes 21 ſeconds paſt 7 o'clock (apparent time) cc 
at Greenwich, when the Rev. Dr. Bliſs, our Aſtro- hi 
nomer Royal, firſt ſaw Venus on the Sun; at which v 
inſtant, the center of Venus preceded the Suns 6 
center by 6 180.9 of right aſcenſion, and was fouth { 
of the Sun's center by 18' 42”.1 of declination... Wl «; 
From that time to the beginning of egreſs the WW it 
Doctor made ſeveral obſervations, both of the dif. 
ference of right aſcenſion and declination of the WW 
centers of the Sun and Venus; and at laſt found l 
the beginning of egreſs, or inſtant of the internal 
contact of Venus with the Sun's limb, to be at 8 ö 
hours 19 minutes o ſeconds apparent time.— From 5 


were made at Shirburn by another gentleman, he 


was at 51 minutes 20 ſeconds after 5 o'clock 
in the morning; that the place of the Sun and 
Venus was = (Gemini) 15 œ36 33”; and that the 
geocentric latitude of Venus was 9 44”.9 ſouth. 


grade ;—and the angle then formed by the axis of 
the equator, and the axis of the ecliptic, was 6 
34, decreaſing hourly 1 minute of a degree. 
y the mean of three good obſervations, the dia- 
meter of Venus on the Sun was 58. 1 


of the Planets from the Sun. 


Mr. Short made his obſervation at Savuile-Houſe, 
in London, 30 ſeconds in time weſt from Greenwich, 
in preſence of his royal highneſs the duke of York, 
accompanied by their royal highneſſes prince 
William, prince Henry, and prince Frederick. —He 


at 46 minutes 37 ſeconds after 5 o'clock.; and at 
6 hours 15 minutes 12 ſeconds he meaſured the 
diameter of Venus 39“. 8.—He afterward found it 
to be 58“. 9 when the ſky was more favourable.— 
And, through a reflecting teleſcope of two feet 
focus, magnifying 140 times, he found the internal 
contact of Venus with the Sun's limb to be at 8 


which, being reduced to the apparent time at 
Greenwich, was 8 hours 18 minutes 51 ſeconds : 
ſo that his time of ſeeing the contact was 8; ſeconds 
ſooner (in abſolute time) than the inſtant of it's be- 
ing ſeen at Greenwich, 3 

Meſſrs. Ellicott and Dolond obſerved the inter- 
nal contact at Hackney, and their time of ſeeing it, 
reduced to the time at Greenwich, was at 8 hours 
18 minutes 56 ſeconds, which was 4 ſeconds ſooner 
in abſolute time than the contact was ſeen at Green» 
wich, | | | 5 

Mr. Canton, in Spittle-Square, London, 4' 11“ weſt 
of Greenwich, (equal to 16 ſeconds 44 thirds of 
time) meaſured the Sun's diameter 31' 33” 24”, 
and the diameter of Venus on the Sun 58“; and 


ternal contact of Venus with the Sun's limb to be 
at 8 hours 18 minutes 41 ſeconds; which, by re- 
duction, was only 2+ ſeconds ſhort of the time at 
the Royal Obſervatory at Greenwich. 
The Reverend Mr. Richard Haydon, at Leſteard, 
in Cornwall (16 minutes 10 ſeconds in time welt 
from London, as ſtated by Dr. Bevis) obſerved the 
internal contact to be at 8 hours o minutes 20 
ſeconds, which by reduction was 8 hours 16 minutes 
30 ſeconds at Greenwich : ſo that he muſt have ſeen 
W 


firſt ſaw Venus on the Sun, through flying- clouds, 


hours 18 minutes 214 ſeconds, apparent time; 


by obſervation found the apparent time of the in- 
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it 2 minutes 30 ſeconds ſooner in abſolute time 

than it was ſeen at Greenwich—a difference bi 
much too great to be occaſioned by the difference 
of parallaxes. But by a memorandum of Mi 
Haydon's ſome years before, it appears that he they 
ne his weſt longitude to be near two minuted 
more; which brings his time to agree within ha 
a minute of the time at Greenwich ;z to which the 
parallaxes will very nearly anſwer. 

At Stockheim Obſervatory, latitude . 599 204 
north, and longitude 1 hour 12 minutes eaſt fron 
Greenwich, the whole of the tranſit was viſible 

: the total ingreſs was obſerved by Mr. Wargeni 
to be at 2 hours 39 minutes 23 ſeconds in the 
morning, and the beginning of egrels at 9 hour 
30 minutes 8 ſeconds : ſo that the whole duration 
between the two internal contacts, as ſeen at thal 
Place was 5 hours 50 minutes 45 ſeconds. 

At T orneo in Lapland (1 hour 27 minutes 20 
ſeconds eaſt of Paris) Mr. Hellant, who is eſtcemed 
a very good obſerver, found the total ingreſs to be 
at 4 hours 3 minutes 59 ſeconds; and the begins 

ning of egreſs to be 9 hours 54 minutes 8 ſecond 
o that the whole duration berween the two in 
ternal contacts was 5 hours go minutes 9 ſeconds. 

At Hernoſand, in Sweden (latitude 6“ 38“ north 
and longitude 1 hour 2 minutes 12 ſeconds eaſt 0 
Paris), Mr. Giſter obſerved the total ingrels to be 

at 3 hours 38 minutes 26 ſeconds; and the begin 

ning of egreſs to be at 9 hours 29 minutes 21 

0 feondi-—The duration between theſe two interna 
contacts 5 hours 30 minutes 56 ſeconds. | 
Mr. De la Lande, at Paris, obſerved the begin 
ning of egreſs to be at 8 hours 28 minutes ; 26 
ſeconds apparent time.—But Mr. Ferner (who vas 
then at Conflans, 14": weſt of the Royal Obſerva. 
tory at Paris) obſerved the beginning of egrels 10 
be at 8 hours 28 minutes 29 ſeconds true time, 
The. equation, or difference between the true and 
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parent time, was 1 minute 54 ſeconds.— The 
total ingreſs, being before the Sun roſe, could not 
be ſeen. | NE 
At Tobolſt, in Siberia, Mr. Chappe obſerved the 
total ingreſs to be at 7 hours o minutes 28 ſeconds 
inthe morning, and the beginning of egreſs to be 
at 49 Minutes 205. ſeconds after 12 at noon,—So 
that the whole duration of the tranſit between the 
internal contacts was 5 hours 48 minutes 52+ ſe- 
conds, as ſeen at that place: which was 2 minutes 
zr ſeconds leſs than as ſeen at Herneſand in Sweden. 
At Madraſs, the Reverend Mr. Hirſt obſerved 
the total ingreſs to be at 7 hours 47 minutes 35 
ſeconds apparent time in the morning; and the 
beginning of egreſs at i hour 39 minutes 38 ſeconds 
palt noon, — The duration between theſe two inter- 
nal contacts was 5 hours 5 1 minutes 43 ſeconds. 
Profeſſor Matbenci at Bologna obſerved the be- 
ginning of egreſs to be at 9 hours 4 minutes 58 
ſeconds. | | 55 
At Calcutta (latitude 226 30 north, nearly 925 
eaſt longitude from London) Mr. William Magee 
obſerved the total ingreis to be at 8 hours 20 
minutes 38 ſeconds in the morning, and the begin- 
ning of egreſs to be at 2 hours 11 minutes 34 
ſeconds in the afternoon. The duration between the 
two internal contacts 5 hours 30 minutes 36 ſeconds. 
At the Cape of Good Hope (i hour 13 minutes 35 
ſeconds eaſt from Greenwich) Mr. Maſon ubſcrved 
the beginning of egreſs to be at ꝙ hours 39 minutes 
50 ſeconds in the morning. 
All theſe times are collected from the obſervers? 
accounts, printed in the Philoſophical Tranſactions 
tor the years 1762 and 1763, in which chere are 
ſeveral other accounts that | have not tranſcribed. 
—The inſtants of Venus's total exit from the Sun 
| ae ikewiſe mentioned, but they are here left our, 
as not of any uſe for finding the Sun's parallax. 
Whoever compares theſe times of the internal 
contacts, as given in by different obſervers, will find 
FE cul 7 „ ſuch 
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ſtant of either contact could not be ſo accurately 


it could: which probably ariſes from the difference 
of people's eyes, and the different magnifying 


doubt but that the times would have more nearly 


93,173,127 miles for the Earth's mean diſtance 


ſure of it's true diſtance from the Earth within 100 
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ſuch difference among them, even thoſe which were 
taken upon the ſame ſpot, as will ſhew, that the in. 


perceived by the obſervers as Dr. HaLLey thought 
powers of thoſe teleſcopes through which the con- 


tacts were ſeen. —If all the obſervers had made 
ule of equal magnifying powers, there can be ng 


coincided ; ſince it is plain, that ſuppoſing all their} 8 
eyes to be equally quick and good, they whoſe ut 
teleſcopes magnified moſt, would preceive the 0 
point of internal contact ſooneſt, and of the total for 
exit lateſt. 6 . Was 
Mr. Short has taken an incredible deal of pain; WW the 
in deducing the quantity of the Sun's parallax, nu 
from the beſt of thoſe obſervations which were 
made both in Britain and abroad: and finds it to be. 
have been 8.52 on the day of the tranſit, when WM Su 
the Sun was very nearly at his -greateſt diſtance WM th 
from the Earth; and conſequently 87.65 when the cu 
Sun is at his mean diſtance from the Earth. And to 
indeed, it would be very well worth every curious 5 
perſon's while, to purchaſe the ſecond part of Vo- 
lume LII of the Philoſophical Tranſactions, tor d 
the year 1763; even if it contained nothing more Wl it 
than Mr. Short's paper on that ſubject. | a 
The log. fine (or tangent) of 87.65 is 5.6219140, ü 
which being ſubtracted from the radius 10.0000000, 0 
leaves remaining the logarithm 4. 3780860, whole WM : 
number is ,23882.84; which is the number of y 
ſemidiameters of the Earth that the Sun is diſtant 
from it.— And this laſt number, 243882.84, being 


multiplied by 3985, the number of Engliſþ miles 
contained in the Earth's ſemidiameter, ges 


from the Sun.—But becauſe it is impoſſible, from 
the niceſt obſervations of the Sun's parallax, to be 


—  — — 


miles 


Q 


WY « the Plantts from the Sun; 499 0 


miles, We ſhall at preſent, for the ſake of round ii 
numbers, ſtate the Earth's mean diſtance from the 20 
zun at 95,17 3,000 Engliſh miles. Ul 

And then, from the numbers and analogies in 4 
(11 and 14 of this Diſſertation, we find the mean 1 
diſtances .of all the reſt of the planets from the 4 
dun in miles to be as follows. - Mercury's diſ- i 
tance, 36, 841, 468; Venus's diſtance, 68, 891,486; bi 
Mars's diſtance, 145,014,148 z Jupiter's diſtance 
494,990,976 z and Saturn's diſtance, 90, 956, 130. 0 

So that, by comparing theſe diſtances with thoſe un 
in the Tables at the end of the chapter on the 1 
Solar Syſtem *, it will be found that the dimen- 4 
fons of the Syſtem are much greater than what | 
was formerly imagined; and conſequently, that L \ 


be Sun and the planets (except the Earth) are i 
nach larger than as ſtated in that table. Al 
The ſemidiameter of the Earth's annual orbit Vit 
WY being equal to the Earth's mean diſtance from the 4 
Sun, viz. 95,173,000 miles, the whole diameter 11 


thereof is 190, 346, ooo miles. And ſince the cir- | ol 
cumference of a circle is to it's diameter as 355 is 
to 113, the circumference of the Earth's orbit is | 4 
597,987,646 miles. 2 
And, as the Earth deſcribes this orbit in 365 
days 6 hours (or in 8766 hours) it is plain that : 
it travels at the rate of 68,217 miles every hour, 14 
and conſequently 11,369 miles every minute; fo 1 
that it's velocity in it's orbit is at leaſt 142 times 
great as the velocity of a cannon- ball, ſuppoſing 
tie ball to move through 8 miles in a minute, 
which it is found to do very nearly :—and at this 
tate it would take 22 years 228 days for a cannon- 
ball to go from the Earth to the Sun, 
On the 3d of June, in the year 1769, Venus 
will again paſs over the Sun's diſc, in ſuch a man- 
ner, as to afford a much eaſier and better method 
of inveſtigating the Sun's parallax than her tranſit 


* Fronting page 40. 
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lx from it, becauſe it will begin but a little bel 


next morning. The apparent time of conjunctiot 


gree north from the Sun's center :—and therefore! 


the viſible duration of the tranſit will be length. 
will be elevated by a parallax of latitude on the Sun] 


which will ſhorten the viſible duration of the tranſi, 
with reſpect to it's duration as ſuppoſed to be ſeen 


another opportunity again io Jeſs than 105 years 
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land, and the Solomon Iſles in the great South-Sea; 


—— — ä—v—u — = > 
" 


The Method of finding the Diſtances 


in the year 1761 has done.—But no part of Br 
will be proper for obſerving that tranſit, ſo as 1 
deduce any thing with reſpect to the Sun's paraff 


fore ſun-ſet, and will be quite over before 2 Oc 


of the Sun and Venus, according to Dr. Hattzy 
Tables, will be at 13 minutes paſt 10 o'clock x 
night at London; at which time the geocentrif 
latitude of Venus will be full 10 minutes of a de 


as ſeen from the northern parts of the Earth 
Venus will be conſiderably depreſſed by a parallax 
of latitude on the Sun's diſc; on which account, 


ened : and in the ſouthern parts of the Earth ſhe 


from the Earth's center; to both which affections! 
of duration the parallaxes of longitude will alſo 
con{pire.—So that every advantage which Dr. 
HarLLey expected from the late tranſit will be found 
in this, without the leaſt difficulty or embar- 
raſſment.—lr is therefore to be hoped, that nei. 
ther coſt nor labour will be ſpared in duly obſers- 
ing this tranſit; eſpecially as there will not be ſuch 


afterward, 
The mott proper places for obſerving the tranſit 
in the year 1759 is in the northern parts of Lap- 


at the former of which, the viſible duration be- 
tween the two internal contacts will be at leaſt 22 
minutes greater than at the latter, even though the 
Sun's parallax ſhould not be quite 9“ lf it be 
9 (which is the quantity I had aſſumed in a deli- 
neation of this tranſit, which I gave in 3 jy 

0Ya 


of the Planets from the Sun. 

Royal Society before I had heard what Mr. Short 
had made it from the obſervations on the late 
ranſit) the difference of the viſible durations, as 
ſeen in Lapland and in the Solomon IJſies, will be as 
expreſſed in that delineation ; and if the Sun's 
arallax be leſs than 9“ (as I now have very good 
reaſon to believe it is) the difference of durations 
will be leſs accordingly. 


3 March 26th, 1772. 
By comparing the obſervations made in different 


laking the reſults of thoſe which appear to be moſt 
depended upon; ſome make the Sun's parallax, at his 
mean diſtance from the Earth, to be 8©.6045, and 
others make it $".54. According to the former of 
theſe, the Sun's mean diſtance from the Earth is 
95, 109, 736 miles; and according to the latter it is 
95,8 34,742. By theſe, and what was deduced from 
the tranſit A. D. 1761, we may reſt ſatisfied that the 
Sun's mean diſtance from the Earth is more than 95 
millicns of miles, and lefs than 96, 
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parts of the Earth on the tranſit A. D. 1769, and 
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The numeral Figures refer to the Articles, wind 
the ſmall ꝝ to the Notes on the Articles, 
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CCELE RATIO of the Stars, 221. 
I Angle, what, 185, 2. | [ 
Annual Parallax of the Stars, 196. | it 
Anomaly, what, 239. 
litients, their ſuperſtitious notions of Eclipſes, 329. 
Their method of dividing the Zodiac, 361. 
Antipades, what, 122. | 
Apſides, line of, 238. 
ARCHIMEDES, his ideal problem for moving the Earth, 
I 
Pt by the Planets, Proportional to the times, 
153. 

Aftronomy, the great advantages ariſing from it both i in our 
religious and civil concerns, I. 
Diſcovers the laws by which the Planets move, and 

are retained in their Orbits, 2. 
| Atmoſphere, the higher the thinner, 174. 
It's prodigious expanſion, ibid. 
It's whole weight on the Earth, 175, 
9 thought to be heavieſt when it is lighteſt, 

93 | 
Without it the Heavens would appear dark i in the day- 14 
177. Th . 
Is the cauſe of Twilight, ibid. Ml 
It's height, ibid. 9 


Refracts the Sun's rays, 178. 
Cauſeth the Sun and Moon to appear above the Hori- j 
zon when they are really below it, ibid. i 
Foggy, deceives us in the bulk and diſtance of N N 
185. | | 
Attraction, 101105. 5 0 
Decreaſes as the ſquare of the diſtance increaſes, 106. | 
Greater in the larger than in the ſmaller Planets, 158, 
Greater in the Sun than in all the Planets if ps to- 


gether, 1 | 
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Civil Year, what, 374. 
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Axes of the Planets, what, 19. 
Their different poſitions with reſpect to one another, 
140. 
Axis Us the Earth, it's Paralleliſm, 202. 
It's poſition variable as ſeen from the Sun or Moon, 
338. the Phenomena thence ariſing, 340. 


B. 


Bodies, on the Earth, loſe of their weight the nearer they 
are to the Equator, 117. 
Ho they might loſe all their weight, I 8. 
How they become viſible, 167. 


C. 
Calculator (an Inſtrument) deſcribed, 99. 


it for ſhewing the days of New Moons, 386. 
Cannon- Ball, it's ſwiftneſs, 89. 

In what times it would fly from the Sun to the differ. | 

ent Planets and fixed Stars, ibid. 
CassiNn1, his account of a double Star eclipſed by the 

Moon, 58. 

His Diagrams of the Paths of the Planets, 138. 
Catalogue of the Eclipſes, 32 

Ot the Conſtellations and 3 362. 

Of remarkable Aras and Events, 396. 
Celeſtial Globe improved, 401. 
Centripetal and centrifugal forces, how they ay 
overcome each other in the motions of the Planets, 

L$2—154 _ 
Changes in the Heavens, 366. 


Circles, of perpetual Apparition and Occultation, 128, 
Of the Sphere, 198. 


Contain 360 n, whether they be great or mal, 
207. 


CorumBus (CnRISTo HER) his ſtory. concerning an 
Eclipſe, 330 


Clicks and Watches, an eaſy method of knowing whether 
they go true or falſe, 223. 
W by they ſeldom agree with the Sun if they go true, 
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Chcks and Watches, how to regulate them by Equation 
Tables and a Meridian Line, 225, 226, 

Cloudy Stars, 365. 

Cmetarium (an Inſtrument ) deſcribed, 400, 

(m/tellations, ancient, their number, 359. 

The number of Stars in each, eie to different 
Aſtronomers, 362. 

Cicle, Solar, Lunar, and Romiſh, 383. 


| D. 

Darkneſs at our r Saviou's crucifixion ſupernatural, 395. 
Day, natural and artificial, what, 380. 

And Night, always equally long at the Equator, 126. 
Natural, not compleated in an abſolute turn of the 
Earth on it's Axis, 222. | | 
Degree, what, 207. 

Digit, what, 336, 1. 

Direction, (Number of) 389. 

Diftances of the Planets from the Sun, an Idea thereof, 89. 
A Table thereof, 98. 

How found, 190; and in the Diſſertation on the 
Tranſit of Venus, Chap. XXIII. 

Diurnal and annual Motions 7 4 the Earth illyſrrated, 200, 
202. = 

Dominical Letter, 290. 

Double projectile force, a balance to a Quadrupl power of 


Gravity,” 15 3s 


Double Star covered by 1 the Moon, 58. 


Bath, it's Bulk but a point as ſeen from the Sun, 2 


Sun, 47. 
Turns round it's Axis, ibid. 


Velocity of it's equatorial Parts, ibid. 

Velocity i in it's annual Orbit, ibid, 

Inclination of it's Axis, 48. - 

Proof of it's being globular, or nearly ſo, 49s 314. 

Meaſurement of it's ſurface, 50. 

1 between it's equatorial and polar Diameters, 

70. 

It's motion round the Sun demonſtrated by pravicy, 
1 1085 


. 
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I's Diameter, annual Period, and diſtance from the 


nen 


1o8, 111. by Dr. BRabLERx's obſervations, 113 

by the Eclipſes of Jupiter's Satellites, 219. s 
Eartb, it's diurnal motion highly probable from the ab. 
ſurdity that muſt follow upon ſuppoſing it not to move 

111, 122. and demonſtrable from it's figure, 116, this 
motion cannot be felt, 119. 2 
Objections againſt it's motion anſwered, 112, 121, | 
It has no ſuch thing as an upper or an under ſide, 122 

in what caſe it might, 123. | 

The ſwiftneſs of it's motion in it's Orbit compared 
with the velocity of light, 197. | | 
It's diurnal and annual motions illuſtrated by an eaſy 

experiment, 200. id gets 

Proved to be leſs than the Sun, and bigger than the 

Moon, 315. 1 
Eaſter Cycle, 388. 35 | 
Eclipſareon (an Inſtrument) deſcribed, 405. _ 
Eclipſes of Jupiter's Satellites, how the Longitude il 
found by them, 212. they demonſtrate the velocity off 
light, 216. FT 
Of the Sun and Moon, 312-350. 

Why they happen not in every month, 316. 
When they muſt be, 317. | 120 
Their Limits, ibid. 

Their Period, 320. 

A diſſertation on their progreſs, ibid. 

A large Catalogue of them, 327. 

Hiſtorical ones, 328. „ 

More of the Sun than of the Moon, and why, 331. 
The proper Elements for their calculation and projec- 
tion, 353. . 

Ecliptic, it's Signs, their names and characters, 91. 
Makes different Angles with the Horizon every hour 
and minute, 275. how theſe Angles may be ell. 
mated by the poſition of the Moon's horns, 260. 
It's obliquity to the Equator leſs now than it was fot 
merly, 368. | 
Elongations, of the Planets, as ſeen by an obſerver at ref 
on the outſide of all their Orbits, 133. 

Of Mercury and Venus, as ſeen from the Earth illi 
trated, 142. it's quantity, 143. 
Of Mercury, Venus, the a Mars, and Jupiter; 

their quantities, as ſeen from Saturn, 147.1 
Equation of time, 224—245. „ . 
Equator, day and night always equal there, 126. 
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Equator makes always the ſame Angle with the Horizon 
of the ſame place; the Ecliptic not, 274, 275. 


FEquinotial Points, in the Heavens, their preceſſion, 246. 
a very different thing from the receſſion or anticipa- 


tion of the Equinoxes on Earth, the one no ways oc- 
caſioned 2 the other, 249. 
Eras or Epochs, 396. 4 
Excentricities of the Planets Orbits, 155. 
F, 

Fallacies in judging of the bulk of objects by their appa- 
rent diſtance, 185. applied to the ſolution of the ho- 
rizontal Moon, 187. 

Firſt Meridian, what, 207. = . 

Fixed Stars, why they appear of leſs magnitude when 

viewed through a teleſcope than by the bare eye, 354. 
Their number, 355. 55 ; | 
Their diviſion into different Claſſes and Conſtellations, 

358, 359. . 


6. 


General Phenomena of a ſuperior Planet as ſeen from an 
inferior, 149. 
Gravity, demonſtrable, 101—104. Ne 
Keeps all bodies on the Earth to it's ſurface, or brings 
them back when thrown upward ; and conſtitutes 
their weight, 101, 122 
| Retains all the Planets in their Orbits, 103. 
Decreaſes as the ſquare of the diſtance increaſes, 106, 
Proves the Earth's annual motion, 108. 


Demonſtrated to be greater in the larger Planets than 


in the ſmaller; and ſtronger in the Sun than in all 
the Planets together, 158. 
Hard to underſtand what it is, 160, 
Acts every moment, 162. 
Clabe, (Celeſtial) improved, 401. 
Great Year, 251. 5 


H. 


| Harmony of the celeſtial motions, 111. 


Harveſt- Moon, 273—293. ll. v# 
None at the 5 27 . 
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rod, 111. by Dr. BRApTERx's obſervations, 1134 
by the Eclipſes of Jupiter's Satellites, 219. ; 
Earth, it's diurnal motion highly probable from the ah. 
ſurdity that muſt follow upon ſuppoſing it not to move 
111, 122. and demonſtrable from it's figure, 116, thi 
motion cannot be felt, 119. | 
Objections againſt it's motion anſwered, 112, 121, 
It has no ſuch thing as an upper or an under fide, 122. 
in what caſe it might, 123. 
The ſwiftneſs of it's motion in it's Orbit comparet 
with the velocity of light, 197. | 
It's diurnal and annual motions illuſtrated by an eaſy 
experiment, 200. 
Proved to be leſs than the Sun, and bigger than the 
Moon, 313. 5 n 
Eaſter Cycle, 388. 
Eclipſareon (an Inſtrument) deſcribed, 405. 
Eclipſes of Jupiter's Satellites, how the Longitude i} 
found by them, 212. they demonſtrate the velocity of 
light, 216. Ms 
Of the Sun and Moon, 312—350. 5 
Why they happen not in every month, 316. 
When they mult de, 3177. 
Their Limits; %. 
Their Period, 320. 855 
A diſſertation on their progreſs, ibid. 
A large Catalogue of them, 327. 
Hiſtorical ones, 328. Ne 
More of the Sun than of the Moon, and why, 331. 
The proper Elements for their calculation and projec-1 
tion, 353. 5 
Ecliptic, it's Signs, their names and characters, 91. 
| Makes different Angles with the Horizon every hour 
and minute, 275. how theſe Angles may be el 
mated by the poſition of the Moon's horns, 260. Wl 
It's obliquity to the Equator leſs now than it was fol- 
merly, 368. TE 
Elongations, of the Planets, as ſeen by an obſerver at ref 
on the outſide of all their Orbits, 133. 5 
Of Mercury and Venus, as ſeen from the Earth illul 
trated, 142. it's t 143. 3 
Of Mercury, Venus, the Earth, Mars, and Jupiter! 
their quantities, as ſeen from Saturn, 147. 5 
Equation of time, 224—245. 1 0 8 5 f 
Equator, day and night always equal there, 120. 
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Fquator makes always the ſame Angle with the Horizon 
of the ſame place; the Ecliptic not, 374, 275. 

Equino#tial Points, in the Heavens, their preceſſion, 246. 

a very different thing from the receſſion or anticipa- 
tion of the Equinoxes on Earth, the one no ways oc- 
caſioned by the other, 249. 

Eras or Epocds, 396. 
Excentricities of the Planets Orbits, 155, 


F. 
Fallacies in judging of the bulk of objects by their appa- 
rent diſtance, 185. applied to the ſolution of the ho- 
rizontal Moon, 187. | = 
Firſt Meridian, what, 207. 5 
Nixed Stars, why they appear of leſs magnitude when 
viewed through a teleſcope than by the bare eye, 354. 


1 Their number, 355. WY ; 
| Their diviſion into different Claſſes and Conſtellations, 


358, 359. 


General Phenomena of a ſuperior Planet as ſeen from an 
inferior, 149. 
Gravity, demonſtrable, 101—104. 1 8 
Keeps all bodies on the Earth to it's ſurface, or brings 
them back when thrown upward ; and conſtitutes 
their weight, 101, 122. | 
Retains all the Planets in their Orbits, 103. 
Decreaſes as the ſquare of the diſtance increaſes, 1056. 
Proves the Earth's annual motion, 108. DB 
Demonſtrated to be greater in the larger Planets than 
in the ſmaller; and ſtronger in the Sun than in all 
the Planets together, 158. | 
Hard to underſtand what it is, 160, - Ih 
Acts every moment, 162. in! 
Clabe, (Celeſtial) improved, 401. 
Great Year, 2 = 


Harmony of the celeſtial motions, 117, 
Harvift- Moon, 273—293. 3 
None at the Equator, 273. 
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Harvift- Moon, remarkable at the Polar Circles, 285, 
In what years moſt and leaſt advantageous, 292. 
Heat, decreaſes as the ſquare of the — from the Sun 
increaſes, 169. 
Why not greateſt when the Earth is neareſt the Sun, 
205. 
Why ener about three o'Clock i in the afternoon than 
when the Sun is on the Meridian, 300. 
Heavens, ſeem to turn round with different velocities as 
ſeen from the different Planets ; and on different Axes 
as ſeen from moſt of them, 120. 
Only one Hemiſphere of them ſeen at once from any 
done Planet's ſurface, 125. 
The Sun's Center the only point from which their 
true Motions could be ſeen, 135. 
Changes i in them, 366, 
Horizon, what, 125, n. 
Horizontal Moon explained, 189; | 
Horizontal Parallax, of the Moon, 190 ; of the Sun, 
191 ; beſt obferved at the Equator, 193. 
Hour Circles, what, 208. 
Hour of time equal to 15 degrees of motion, ibid. 
How divided by the Fews, Chaldeans, and Arabian, 
| 
Hovuvive; his thoughts concerning the Ae of | 
_ ſome . 5. 


bs 


Inclination of Venus's Axis, 29. 

Of the Earth's, 48. 

Of the Axis or Orbit of a Planet only relative, 221. 
Tnhabitanty of the Earth (or any other Planet) ftand on 
oppoſite ſides with their feet toward one another, yet 

each thinks himſelf en the upper fide, 122. 


Julian Period, 39 3. 
Jupiter, it's F ee diameter, diurnal and annual re- 
volutions, 67-69. 
The Phenomena of it's Belts, 70. 
Has no difference of ſeaſons, 71 
Has four Moons, 72. their grand Period, 73. 


Ne which their Orbits ſubtend, as "ſen 105 
tn 


% 


I N | D E a X. ” lil 


the Earth, 74. moſt of them are eclipſed in every ul 
revolution, 75. bl 
1 the great difference between it" 5 equatorial and (ih 
polar diameters,. 76. 
The inclination of it's Orbit, and place of it's Aſcend- . 5 
ing Node, 77. 1 
The (Sun 8 light 3000 times as ſtrong on it as Full 
Moon light is on the Earth, 85. 
Is probably inhabited, 80. 
The amazing ſtrength required to put it in motion, 


. fi 
The figures of the Paths deſcribed by i it's Satellites, 269. 1 1 


Light, the inconceivable ſmallneſs of it's particles, 1653 3 1 

and the great miſchief they would do if they were 9 

larger, 166. f 

It's ſurpriſing velocity, 166. compared with the ſwift- | 1 
f 


neſs of the Earth's annual motion, 197. 
Decreaſes as the ſquare of the diſtance from the lumi- 
nous body increaſes, 169. | | | 
Is refracted in paſſing through different Mediums, | 
171—173. 15 1 
Affords a proof of the Earth's annual motien, 197, 0 
219. 4 
In what time it comes from the Sun to the Earth, 216; 1 
this explained by a figure, 217. 0 
Limits of Eclipſes, 317. 0 
Line, of the Nodes, what, 317 3 has a retrograde mo- 
tion, 31 2 ; 1g 
Of Sines and Chords, how to make, 369. | 
Loxo (Rev. Dr.) his method of comparing the quan- fl 
tity of the ſurface of dry Land with that of the 82. | 


51. 

His glaſs ſphere, 126. . 
Longitude, how found, 207—213, - f 
Lucid Spots in the Heavens, 304. | 
Lunar Gele 8 385. 


Magellanic Clouts, 36 _— | 
| 


Man, of a middle tize, how 3 preſſed by the weight 


4 = Atmoſphere, 1753 "Wy this preſſure is not felt, 
4 


Mars, 


1 N D E X. 


Mars, it's Diameter, Period, Diſtance, and other Phe. 
-  nomenay 64—67. 
| Matter, it's properties, 99. 
Mean Anomaly, what, 239. 
Mercury, it's Diameter, Period, Diſtance, Sc. 22. 
Appears in all the ſhapes of the Moon, 23. 
When it will be ſeen on the Sun, 24. 
The inclination of it's Orbit and Place of it's Aſcend. 
ing Node, ibid. 
It's Path delineated, 138. 5 
Experiment to ſhew it's Phaſes, and apparent Motion, 
3 
A” (Quickſilver) in the Barometer, why not af- 
fected by the Moon's raiſing Tides in the Air, 311, 
Meridian, firſt, 207, 
Line, how to draw one, 226. 
Milky Way, what, 363. 
Months, Jewiſh, Arabian, Egyptian, and Grecian, 378, 
Moon, her Diameter and Period, 52. 
Her Phaſes, 53, 255. 
Shines not by her own light, 54. 
Has no difference of ſeaſons, 55. 
The Earth is a moon to her, 56. 
Has no Atmolphere of any viſible Denſity, 58; nor 
Seas, 59. 
How her inhabitants may be ſuppoſed to meaſure their 
year, 62, 
| Her light, compared with FRE! SY 85. 
The eccentricity of her Orbit, 98. 
Is nearer the Earth now than ſhe was formerly, 163. 
Appears bigger on the Horizon than at any conſider- 
able height above it, and why, 187; yet is ſeen 
much under the ſame Angle in both caſes, 188. 
Her ſurface mountainous, 252; if ſmooth, ſhe could 
give us no light, ibid. 
Why no hills appear round her edge, 253. 
Has no Twilight, 254. 
Appears not always quite round when full, 256, 
Her Phaſes agreeably repreſented by a globular Stone 
viewed in Sunſhine when ſhe is above the Hori- 
zon, and the obſerver placed as if he ſaw her on 
the top of the Stone, 258. | 
Turns round her Axis, 262. 
I ̃ be length of her Solar and erde day, ibid. 


Her periodical and ſy nodical revolution repreſented 1 
t 


EN. DE K, 


the motions of the hour and minute hands of a 
Watch, 264. 
1mm, her Path delineated, and ſhewn to be always con- 

cave to the Sun, 265—268. 

Her motion alternately retarded and accelerated, 267, 

Her gravity toward the Sun, greater than toward the 
Earth at her Conjunction, and why ſhe does not 
then abandon the Earth on that account, 268. 

Riſes nearer the time of Sun-ſet when about the full 
in harveſt for a whole week than when ſhe is about 
the full at any other time of the year, and why, 
273—284 : this riſing goes through a courſe of in- 
creaſing and decreaſing benefit to the farmers every 
19 years, 292. 

Continues above the e of the poles for fourteen 
of our natural days together, 293. 

Proved to be globular, 314 z-and to be leſs than the 
Earth, 315. 

Her Nodes, 3173 aſcending and deſcending, 318; 
their retrograde motion, 319. 

Her acceleration proved from ancient Eclipſes, 322, u. 

Her Apogee and Perigee, 336. | 

Not inviſible when ſhe is totally eclipſed, and why, 346. 

How to calculate her ConjuiRioni, Oppoſitions, and 
Eclipſes, 35 3. 


Number, 423. 
Mining and Evening Star, what, 145. 
Mition, naturally rectilineal, 100. 
Apparent, of the Planets as ſeen by a ſpectator at reſt 
on the outſide of all their Orbits, 133; and of the 
Heavens LY een from any Planet, 154. 


N. 

Natural Day, not compleated in the time that the Earth 
turns round it's Axis, 222. 

New and Full Moon, to calculate the times of, 353. 


New Stars, 3663 cannot be Comets, 367. 
ew Stile, it's original, 377. 


tic, 20. 
Of the Moon's Orbit, 3173 ; their r etrograde e, 
319. 
Mnageſima l Degree, WANs 25 9. 
Number of Direction, 389. 


How to find her Age in any Lunation by the Golden 


Nodes of the Planets Orbits, their places in the Eclip- 


Planets, much of the ſame nature with the Earth, II. 


O. 
Objects, we often miſtake their bulk by miſtaking their 
diſtance, 185. 
| Appear bigger when ſeen through a fog than through 
clear air, and why, ibid. this applied to the ſolution 
of the horizontal Moon, 187. 
Oblique Sphere, what, 131. 
Olympiads, what, 323. n. 
Orbits of the Planets not ſolid, 21. 
Orreries deſcribed, 397, 398, 399. 


5 
Parallax, Horizontal what, 190. 
Parallel Sphere, what, 131. 
Path of the Moon, 265267. 
Of Jupiter's Moons, 269. 
Pendulums, their vibrating lower at the Equator than 
near the Poles proves that the Earth turns on it's 
Au, 11 
Penumbra, what, 336. 
It's velocity on the Earth in Solar Eclipſes, 337 . 


Period of Eclipſe 7 320, 326. 
Phaſes of the Moon, 255. 


Some have Moons belonging to them, 12. 
Move all the ſame way as ſeen from the Sun, but not 
as ſeen from one another, 18. 
Their Moons denote them to be inhabited, 86. 
. The proportional breadth of the Sun's Diſc, as ſeen 
from each of them, 87. 
Their proportional bulks as ſeen Gn the Sun, 83, 
An idea of their diſtances from the Sun, 89. 
Appear bigger and leſs by turns, and why, 90. 
© Are kept in their Orbits by the power of gravity, io 
150158. | 
Their motions very irregular as ſeen from the Earth, 
' | 
Tus 1 motions of Mercury and Venus deli- 
neated by Pencils in an Orrery, 138. 
Elongations of all the reſt as ſeen from Saturn, 147- 
Deſcribe equal areas in equal times, 153. 
The excentricities of their Orbits, 155. 
In what times they would fall t to * dun by the power 


of n 157. Planth 


N UE X. 


Planets, diſturb one another's motions, the conſequence 
thereof, 103. 
Appear dimmer when ſeen through teleſcopes than by 
the bare eye, the reaſon of this, 170. 
Planetary Globe deſcribed, 402. 
Prlar Circles, 198. 
Pils, of the Planets, what, 19. 
Ofthe world, what, 122. 
Celeſtial, ſem to keep in the ſame points of the Hea- 
vens all the year, and why, 196. | 


gh 
Dn 


druple power of gravity to retain the Planets in their 

Orbits, 153. 

ls evidently an impulſe from the hand of the AL- 
MIGHTY, 161. 

Preceſſion of the Equinoxes, 246—251. 

Ptuemear Syſtem abſurd, 96, 140. 


| 


and hinder not one another's motions, 168, 
Are refracted in paſſing through different mediums, 171. 
Reflection of the Atmoſphere, cauſes the Twilight, 177. 
Rfraftion of the Atmoſphere bends the rays of Light from 
ſtraight lines, and keeps the Sun and Moon longer in 
ght than they would otherwiſe be, 178. 
A ſurpriſing inſtance of this, 183. 
Muſt be allowed for in taking the Altitudes of the 
celeſtial bodies, ibid. 
Right __ 131. 


| 8. 
atellites, the times of their revolutions round their pri- 
mary planets, 52, 73, 80. 


Ordits of the primary Planets, and with the Sun 5 
circumference, 271. 
What ſort of Curves they deſeribe, 272. 


light of the Full Moon is to us, 85. 
be Phenomena of his Ring farther explained, 204. 


Our Ble ed Saviour, the darkneſs at his Crucifixion ſu- 
pernatural, 352. 


L1 | Our 


Prijeftile Force, 150; if doubled, would require a qua- 


Ryys f Light, when not diſturbed, move in ſtraight links, : 


Their Orbits compared with each other, with the 


_ with his Ring and Moons, their Phenomena, 


79) 32. | 
The Sun's light 1000 times as ſtrong to gata as the 


" 
+ 
"4 +70 


| Sydereal Time, what, 221 ; the number of Sydereal Dag 


. 


Our bleſſed SAviour, the prophetic year of his Cruciſixig gun, WO! 


found to agree with an aſtronomical calculation, 
Seaſons, different, illuſtrated by an eaſy experiment, 200 

by a figure, . ems, t 
Shad; 70, what, 312. 


in a year excecds the number of Solar Days by 1 
and why, 222, 

An eaſy method for regulating Clocks and Watches hy 
Az 


SMITH, (Rev. Dr.) his compariſon between Moon light ferel 
and day light, 85. 5 Of rel 
His denoofiration that light decreaſes as the ſquare o For co 

the diſtance from the luminous body increaſes, 169, For 1h 
(Mr. GEORGE) his Difſertation on the Progrel: of ; ONS! 
| ſolar Eclipſe; following the Tables at 320, and 

Solar Aftr onomer, the Judgment he might be ſuppoſed to Sole 
make concerning the Planets and Stars, 135, 136, Of the 

Sphere, parallel, obl que, and right, 131. ſece 

1 Circles, 199. Of th. 

Spring and Nap Tides, 302. Of the 

Slars, their vaſt diſtance from the Earth, 3, 196. 251 
Probably not all at the ſame diſtance, 4. Of tt 
Shine by their own light, and are therefore Suns, 7, Of th 

probably to other worlds, 8. Of th 
A proof that they do not move round the Earth, 111, Of th 
Have an apparent ſlow motion round the Poles of the of e 

Ecliptic, and why, 51. Ib Of th 
A Catalogue of them, 362. Of t 
Cloudy, 365. ſett 
New, 366. bei 
Some of them change their places, 367. Of ch 

Starry Heavens have the ſame appearance from any part Of 
of the Solar Syſtem, 132, For « 

Sun, appears bigger than the Stars, and' why, 4+ fo] 
Turns round his Axis, 18, Of t 
His proportional breadth as ſeen from the different Ofth 

Planets, 87. For i 
Deſcribes unequal : arcs above and below'the Horizon let 

at different times, and why, 130. Of t 
Bis center the only place from which the true motions Of 
of the Planets could be ſeen, 135. ' Of t 
Is for half à year together viſible at each Pole i in its m 
turn, and as long inviſible, 200, 294. 1 
Is nearer the Earth in Winter than in Summer, 205. HAL 
Why his motion agrees fo ſeldom with the motion of 12 
es, 


a well- regulated Clock, 224—245. 
I | SUN, 


PEN D E X. 


zun, would more than fill the Moon's Orbit, 21. 
proved to be much bigger than the Earth, and the 
| Farth to be bigger than the Moon, 315 
Gems, the Solar, 1795; the  Prolemean, 96; the 
Tychonic, 97. 
'T> 
Table of the Periods, Revolutions, Magnitudes, Diſtances, 
Ec. of the Planets, facing Y 9g. 
| Of the Air's rarity, compreſſion, and expanſion at dif- 
ferent heights, 174. 
Of reftactions, 182. ä 
For converting time into motion, and the reverts, © 220, 
For ſhewing how much of the celeſtial Equator paſſes 
over the Meridian in any part of a mean Solar Day; 
and how much the ſtars accelerate upon the mean 
Solar time for a month, 2217. 
Of the firſt part of the Equation of time, 229; of the 
ſecond part, 241. 
Of the preceſſion of the Equinox, 247. 
Of the length of Sydereal, Julian, and * e Vears, 
271% 
Of "he Sun's place and Anomaly, | | | 
Of the Equation of natural Days, 2 Org 25 1. 
Of the Equation of Time, | | 
Of the Conjunctions of the hour and minute hands l 
of a Watch, 2064. , | ll 
Of the Curves deſcribed by the Satellites, 272. 0 | 
Of the difference of time in the Moon's riſing and 
ſetting on the parallel of London every day during 
her courſe round the Ecliptic, 277. . 
Of the returns of a Solar Eclipſe, 320. | 
Of Eclipſes, 327. | 
For calculating New and Full Moons and Eclipſes, | 
following g 35 | 
Of the „ and number of the Stad 362. 
Ofthe Jewiſß, Egyptian, Arabic, and Ereciun months, 379. | 
For inſerting the Golden Numbers right in the Ca- i 
lendar, 385. 1 
Of the times of all the New Moons for 76 Years, 387. | 
Of remarkable Eras or Events, 399. 
Of the Golden Number, Number of Dire&ivri; Do- | | 
minical Letter, and Days of the Months, follow- 
Ing, 396. | 
HALES's Eclipſe, 323, 
HUCYDIDEsS's Eiple, 324. | 
d, their Cauſe and Phenomena, 295—31 L, 


\ Tides 


LN I E AN 


Tide-Dial deſcribed, 404. 
Trajectorium Lunare deſcribed, 403. 
Tropics, 198. 

Twilight, none in the Moon, 254. 
T ychonic Sytem abſurd, 97. 


U. 

| Univerſe, the Work of Almighty Power, 5, 161. 
Up and down, only relative terms, 122. 
Upper or under fide of the. Earth, no ſuch thing, 123. 


V. 


Ve! city of Light compared with the velocity of the Fart 
in it's annual Orbit, 197. 
Venus, her bulk, diſtance, period, length of days and 
nights, 20. 
Shines not by her own light, ibid: 
Is our morning and evening Star, 28, 
Her Axis, how fituated, 29. 
Her ſurpriſing phenomena, 29—43. 
be inclination of her Orbit, 45. 
When ſhe will be ſeen on the Sun, ibid: - 
How it may probably be ſoon known if he Rey. 2 82 
tellite, 46. 
Appears in all the ſhapes of the Moon, 23, 141. 
An experiment to ſhew her Phaſes and apparent Mo 
tion, 141. 


Viſion, how cauſed, 167. 


Meatber, not hotteſt when the Sun is neareſt to us, an 
Why, 203. | 

MWeigbt, the cauſe of it, 122. 

Works noteternal, 164. 

| * | 

Year, 370. Great, 251. Tropical, 371. Sydereal, 374 
Lunar, 373. Civil, 374. Biſſextile, ibid. Roman, 37% 


Jewiſh, Egyptian, Arabic, and Grecian, 378, 379 3,10 
ong it would be if the Sun moved r nd. he. Fart 


111. | 
2. 


A what, 360. 
How divided by the ancients, 36. 
Zones, what, 199. | £141 
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